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PREFACE, 


IN  proportion  to  the  advancement  made  by 
any  fcience,  and  the  improvement  of  it's 
progrefs  by  the  acquifition  of  methodical  pro- 
cedures, will  be  the  multiplicity  of  it’s  general 
truths.  This  is  ftrikingly  exemplified  in  the 
prefent  (late  of  chemiflry.  The  principles  of 
this  fcience  have  been  created  but  a few  years; 
and  it  is  already  rich  in  corollaries,  or  general 
refults,  which  embrace  it’s  whole  circumfe- 
rence. A chain  of  thefe  refults  may  be  of  in- 
finite utility.  For  twelve  years  I have  been 
Conftantly  occupied  in  the  inveftigation  of  this 
chain : and  I have  repeatedly  prefented  a 
{ketch  of  it  in  my  leftures;  particularly  in 
thofe,  which  I deliver  annually  at  the  conclu- 
fion  of  my  general  and  detailed  courfe  of  che- 
miftry.  In  the  difplay  of  the  phenomena  ex- 
hibited by  the  elaftic  fluids  with  v?hich  we  are 

acquaintcdj 
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acquainted,  in  their  evolution,  their  fixation, 
and  their  influence  on  the  operations  of  nature 
and  art,  I pafs  in  review  all  the  fundamental 
truths  of  the  fcicnce;  and  from  this  furvey  re- 
fults  a picture,  which  recalls  to  the  memory 
the  changes  of  which  naturaf  bodies  are  fufccp- 
tible  in  their  reciprocal  attractions.  But  in 
combining  thefe  grand  truths,  it  is  evident, 
that  great  difcernment  Should  be  employed  in 
the  Selection  of  thofe,  which  are  mod  general, 
which  embrace  and  involve  all  the  faffs  of  the 
fcience,  and  which  may  be  deduced  from  it  as 
corollaries  or  direft  confequenccs.  It  is  re- 
quisite alfo,  that  they  be  delivered  with  clear- 
nefs  and  precifion,  without  ambiguity  or  doubt: 
that  too  large  a number  of  them  be  not  accu- 
mulated, though  they  muft  be  Sufficiently  nu- 
merous to  have  nothing  effential  omitted  : and, 
finally,  that  they  be  difpofed  in  fuch  order, 
and  follow  in  fo  natural  a Series,  as  to  exhibit 
the  elements  of  the  fcicnce,  and  at  the  fame 
time  difplay  their  relative  bearings  and  con- 
jieflions. 
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Such  are  the  ideas  I have  formed,  and  by 
which  I have  been  guided  in  my  fearch  of 
thefe  truths.  I have  imagined,  that  they  might 
ferve  to  eftablifh  a complete  fyftem  of  the  doc- 
trines of  chemiftry ; which,  as  fertile  in  it’s  ap- 
plications as  in  it's  principles,  ftiould  recall  to 
the  mind  of  the  adept  all  the  fa&s  comprifed 
within  the  vail  domain  of  the  fcience,  and  give 
to  him  who  feeks  inftru&ion  a competent  no- 
tion of  the  career  through  which  he  has  to  run. 

To  accomplilh  effeflually  this  objeft,  I have 

conceived  it  neceffary,  not  to  deliver  a ferics 

/ 

of  detached,  unconnefted,  and  incoherent  pro- 
portions ; but  to  avail  myfelf  of  their  general 

relations,  and  give  them  an  arrangement,  which 

\ 

may  enable  the  reader  to  difcern  and  appreci- 
ate their  connexion,  and,  if  I may  ufe  the  term, 
their  reciprocal  rea&ion.  This  is  what  I un- 
derhand by  the  philofophy  of  chemiftry.  All 
the  propofitions  of  which  it  conhfts  have  been 
inferted  in  the  Chemical  Diflionary  of  the  Ency- 
clopedia, under  the  head  of  Axioms ; but  I (hall 
render  fome  fervice,  I conceive,  to  the  lovers 
2 of 
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ofthisfcience  by  publifhing  them  feparatc  from 
that  work,  and  in  a more  convenient  ferm. 

The  fuccefs  of  my  firft  edition  of  the  Philo- 
fophy  of  Cheraiftry  has  induced  me  to  publifh 
a fecond,  in  which  there  are  a few  alterations, 
and  feme  flight  corre&ions,  with  fearcely  any 
additions.  Of  many  the  work  is  not  fufeepti- 
ble,  unlefs  the  fcience  fhould  become  enriched 
with  new  and  important  difcoverics. 
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THE 
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PHILOSOPHY  of  CHEMISTRY, 

* 


L L the  fadts  and  experiences  of 


chemiftry  may  be  referred  to 
twelve  general  phenomena,  which  are 
the  following : 

1 . The  adtion  of  light* 

2.  The  adtion  of  caloric. 

3.  The  adtion  of  air  in  combuftion* 

4.  The  nature  and  adtion  of  water. 

5.  The  nature  and  adtion  of  earths. 


with  the  parts  they  perform  in 
combinations. 

6.  The  nature  and  properties  of  com- 


and  the  formation  of  alkalies. 


buttible  bodies 
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7.  The 


( 2 ) 

The  formation  and  decompofition 
of  acids. 

8.  The  union  of  acids  with  earths 

and  alkalies. 

9.  The  oxydation  and  diffolution  of 

metals. 

10.  The  nature  and  formation  of  ve- 
getable fubftances. 

1 1 . The  tranfition  of  vegetables  to  the 
flate  of  animal  matter,  and  the  na- 
ture of  the  latter. 

12.  Finally  the  fpontaneous  decompo- 
fition  of  vegetable  and  animal  fub- 
flances. 

j 

Thefe  twelve  heads  may  be  confidered  as 
fo  many  chapters,  to  each  of  which  belong 
thofe  different  articles  of  detail  which  have 
a diredt  relation  to  the  head,  while  all  of 
them,  taken  together,  include  the  whole  of 
the  dodtrines  of  chemiftry* 


CHAP. 
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CHAP.  I. 

\ 

THE  ACTION  OF  LIGHT. 

t 

I.  LIGHT,  whether  it  come  from  the 
fan  and  fixed  ftars,  or  be  diffufed  throughout 
fpace,  has  four  different  modifications  with 
regard  to  the  bodies  with  which  it  comes 
into  contact;  either  it  is  reflected  entirely 
from  their  furfaces  to  our  eyes,  and  excites 
the  fenfation  of  whitenefs ; or  it  is  decom- 
pofed,  and  fome  of  its  parts  only  are  reflected, 
whence  arife  different  colours  : or  it  is  more 
or  lefs  completely  abforbed,  and  produces 
blacknefs ; or,  laftly,  it  paffes  through  bo- 
dies, deviating  more  or  lefs  from  its  courfe, 
by  approaching  the  perpendicular,  and  this 
conftitutes  tranfparency. 

II.  In  its  paffage  through  tranfparent  bo- 
dies, it  experiences  a refraction,  the  degree 
of  which  is  in  a direCt  ratio  to  the  denfity  of 
the  body,  if  incombuftible,  but  increaf- 
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creating  in  proportion  to  the  combutiibility 
of  the  body  through  which  it  paffes.  Hence 
Newton  divined  the  combuflibility  of  the 
diamond,  and  the  exiftence  of  a combuf- 
tible  principle  in  water. 

III.  Light,  in  refracting,  is  decompofed 
into  feven  rays  ; red,  orange,  yellow,  green, 
blue,  indigo,  and  violet.  It  has  been  fup- 
pofed,  that  three  of  thefe  colours,  the  red, 
yellow,  and  blue,  were  timple ; and  that  the 
other  four  were  formed  each  of  it's  two 
neighbours ; that  is,  the  orange  from  the 
red  and  yellow,  the  green  from  the  yellow 
and  blue,  the  indigo  from  the  blue  and  vio- 
let,  and  the  violet  from  the  red  and  indigo. 
But  this  fuppotition  has  never  been  proved. 
Thedecompotition  effected  by  means  of  the 
prifm  is  a fort  of  analytis  of  light. 

IV.  Light  alfo  aCts  chemically  on  fub- 
ftances,  occationing  decompotitions  and 
combinations.  This  we  infer  from  the  differ- 
ence exhibited  by  bodies  involved  in  light, 
from  the  fame  deprived  of  this  element. 
The  former  become  in  general  coloured, 

5 volatile. 
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volatile,  and  inflammable  the  latter  have 
theoppoflte  qualities. 

* # 

V.  Thus  by  the  contact  of  light  fome 
acids  are  decompofed ; many  (alts  change 
their  nature  the  oxyds  of  metals  in  general 
re-approach  the  metallic  (fate  ; and  vegeta- 
bles acquire  colour,  and  become  (apid  and 
inflammable ; while,  deprived  of  light,  they 
remain  pale  and  inlipid,  they  are  what  we 
call  etiolated . 

VI.  Thefe  general  effe&s  are  almofl:  al- 
ways owing  to  this  circumftance,  that  light 
deprives  burnt  bodies  of  the  principle  they 
abforbed  in  burning,  fo  that  from  incombus- 
tible, which  they  had  become,  they  return 
to  the  combuftible  (late.  It  may  be  faid, 
that  light  generally  unburns  burnt  fub- 
fhnces. 

Application  of  the  preceding  Proportions, 

The  colours  of  bodies. 

Transparency. 

B3 


Opacity. 
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Opacity. 

Brilliancy. 

Simple  and  double  refra&ion. 

Metallic  luftre. 

The  decompofition  of  acids,  and  of  me- 
tallic oxyds. 

Decombuftion. 

The  alteration  of  the  colours  of  mine- 
rals. 

Vegetation. 

The  decompofition  of  water  by  the 
leaves  of  plants. 

The  renovation  of  the  vital  air  of  the  at- 
mofphere. 

The  formation  of  oils. 

The  difference  between  the  vegetables  of 
hot  climates,  and  thofe  of  temperate 
ones,  &c. 
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•CHAP.  II. 

‘ t 

THE  ACTION  OF  CALORIC. 

I.  WHAT  we  call  heat  is  a fenfation 
produced  by  a fubftance  to  which  modern 
chemifts  have  given  the  appellation  of  ca- 
loric, When  caloric  is  applied  to  a man's 
body  in  a proportion  more  abundant  than  it 
already  contains,  his  fyftem  is  warmed,  and 
with  regard  to  him  heat  takes  place.  When, 
on  the  contrary,  a fubftance  of  a lower  tern- 
perature  than  his  body  is  applied  to  it,  he 
feels  the  fenfation  of  cold,  becaufe  he  lofes 
caloric. 

II.  Caloric  penetrates  all  bodies ; it  fe- 
parates  their  particles  by  lodging  between 
them,  and  diminifhes  their  attraction  j it 
dilates  bodies,  it  fufcs  folids,  and  it  rarefies 
liquids  to  fuch  a degree,  as  to  render  them 
invifible,  give  them  the  form  of  air,  and  con- 
vert them  into  elaftic,  comprefiible,  aeri- 
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form  fluids.  Hence  it  follows,  that  liquids 
are  combinations  of  folids  with  caloric,  and 
gafes  are  folutions  of  different  bodies  in  ca- 
loric, which  of  itfelf  is  the  molt  attenuate, 
fubtile,  light,  and  elaflic  of  all  natural  fub- 
ffances;  accordingly  its  weight  cannot  be 
eftimated. 

III.  While  caloric  feparates  the  particles 
ot  bodies,  and  diminiffies  their  attraction 
for  each  other,  it  proportionally  augments 
their  attraction  for  the  particles  of  adjacent 
bodies.  For  this  reafon  it  is  fuccefsfully 
employed  to  produce  combinations,  and  fa- 
cilitate reciprocal  unions.  Hence  the 
axiom,  corpora  non  agunt , nifi Joint  a,  bodies 
do  not  add,  unlefs  they  be  dilfolved. 

IV.  Every  particular  body  differing  from 
others  both  in  the  form  of  it’s  particles  and 
their  feparation  from  each  other,  it  admits 
a different  quantity  of  caloric  to  arrive  at  the 
fame  temperature ; this  is  what  is  called 
the  capacity  of  bodies  for  caloric . From 
this  it  follows  that  different  bodies,  at  the 

fame 
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fame  temperature,  really  contain  different 
quantities  ef  caloric,  though  they  raife  the 
thermometer  to  the  fame  degree. 

V.  This  different  quantity  of  caloric 
contained  in  bodies  raifed  to  the  fame  tem- 
perature, which  is  with  propriety  termed 
fpecijic  heat , being  incapable  of  being  mea- 
fured  by  the  thermometer,  a mode  of  afeer- 
taining  it  has  been  invented,  by  means  of 
the  quantity  of  ice  which  bodies  at  an  equal 
temperature  will  diffolve  in  defeending  to 
the  fame  degree.  The  difference  of  the 
quantity  diffolved  gives  the  proportion  of  ca- 
loric contained  in  the  feveral  bodies,  and  the 
inftrument  employed  to  afeertain  this  dif- 
ference is  called  a calorimeter . 

* 

VI.  All  the  experiments  made  by  the 
modern  philofophers,  who  have  inveffigated 
the  theory  of  caloric,  prove,  that  bodies,  in 
changing  their  ffate,  change  alfo  their  ca- 
pacity. We  call  change  of  ffate  in  bodies 
their  becoming  folid,  liquid,  or  elaffic  fluid. 
Hence  it  follows,  that  by  mixing  two  folid 

bodies 
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bodies  at  different  temperatures,  incapable 
of  combining  together,  a mean  of  the  two 
temperatures  will  be  obtained,  if  their  capa- 
cities be  equal ; but  if  their  capacities  be 
unequal,  the  temperature  of  the  mixture  will 
deviate  more  or  lefs  from  the  mean,  and  the 
difference  will  indicate  the  reciprocal  capa- 
cities  of  the  two  bodies. 

VII.  The  preceding  phenomena  fhow, 
that  caloric  has  different  attractions,  or  dif- 
ferent degrees  of  affinity,  for  different  bo- 
dies. In  all  combinations,  therefore,  this 
varying  attraction  of  caloric  fhould  be  at- 
tentively calculated. 

* 

VIII.  When  bodies  unite,  either  they 
lofe  caloric,  which  indicates,  that  the  new 
compound  contains  lefs  than  it’s  component 
parts  and  in  this  cafe  the  operation  renders 
heat  perceptible  to  our  organs,  and  the  tem- 
perature of  the  mixture  is  increafed,  which 
commonly  takes  place  in  our  experiments  : 
or  the  bodies  which  combine  abforb  caloric, 
and  die  new  compound  contains  more  heat 

than 
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than  it’s  parts  did  feparately  5 and  then, 
when  the  combination  takes  place,  the  mix- 
ture grows  cold,  the  caloric  which  was  at 
liberty  between  it’s  particles  unites  with 
them  more  clofely,  and  they  even  take  fome 
from  the  neighbouring  bodies. 

IX.  Sometimes  caloric  adheres  fo  forci- 
bly to  bodies,  that  it  prevents  their  com- 
bining with  others.  Thus  many  diffolved 
into  gas,  or  elaftic  fluid,  unite  neither  with 
other  bodies,  nor  with  one  another,  as  long 
as  they  retain  this  ftate  of  inviflble  folution 
in  caloric ; fo  that  recourfe  muft  be  had  to 
double  attractions  to  effeCt  their  combina- 
tion. 

X.  The  attraction  of  caloric  for  fome 
fubftances  is  fo  great,  that  it  is  very  fre- 
quently employed  with  advantage  for  fepa- 
rating  thefe  fubflances  from  the  compounds 
into  which  they  enter,  and  for  analyflng  or 
decompoflng  compound  bodies.  This  is  what 
we  do  in  diflillation,  and  in  all  the  decom- 
pofltions  effected  by  means  of  fire  alone,  or 

caloric. 
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caloric,  applied  to  very  compound  matter*. 
The  different  elements  of  thefe  compounds 
are  gradually  diffolved,  in  the  order  of  their 
folubility  in  caloric,  and  feparated  in  the  ftate 
of  vapour,  or  gas. 

XI.  Light,  applied  at  the  fame  time  with 
caloric,  frequently  affifts  it’s  action,  or  has 
it’s  aCtion  aflifled  by  it.  Hence  tranfparent 
veffels  employed  in  furnaces  are  extremely 
ufeful  to  chemifts,  by  tranfmitting  light  and 
heat  at  the  fame  time.  A fimilar  effeCt  is 
produced  by  penetrating  opake  velfels  fo 
thoroughly  with  caloric,  as  to  make  them 
red-hot,  or  render  them  permeable  to 
light. 

\ 

XII.  There  are  bodies,  which  abforb 
caloric  much  more  fpeedily  than  others  • 
this  is  called  the  property  of  conducing  ca- 
loric. In  general  thole  bodies  which  are 
m©ft  coloured  are  the  beft  conductors.  The 
caufe  of  this  phenomenon  is  unknown. 
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XII.  All  thefe  fads  demon  fixate,  that 
caloric  is  a particular  fubfiance,  and  not  a 
modification  of  all  fubfiance?,  as  fome  natu- 
ral philofophers  have  imagined  : and  it  is 
far  from  having  been  fhown  to  be  the  fame 
thing  with  light ; for  the  farther  we  advance 
in  the  fcience  of  phyfics,  the  more  differ- 
ence appears  between  the  modes  of  adion  of 
thefe  two  fubfiances. 

Application  of  the  preceding  Axioms, 

The  dilatation  of  folids,  and  the  rarefac- 
tion of  fluids. 

Thermometers. 

Fufion. 

Sublimation  and  volatilization. 

The  calorimeter,  and  tables  of  the  fpe- 
cific  heat  of  bodies. 

• s l % 

The  changes  of  temperature  in  different 
mixtures. 

Artificial  refrigeration. 

The  produdion  of  gafes,  and  their  fixa- 
tion. 

Dif- 
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I 

Diftillation  at  different  temperatures. 
Incandefcence. 

The  different  conductors  of  caloric. 
The  attractions  of  caloric. 
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CHAP.  III. 

THE  ACTION  OF  FHE  AIR. 

I.  THE  air  aCts  in  a collective  mafs  on 

/ 

all  natural  bodies,  by  it’s  weight,  moifture 
or  drynefs,  temperature,  &c.  Accordingly 
experiments  of  fynthefis  or  analylis,  made 
in  contact  with  the  air,  differ  confiderably 
from  thofe,  which  are  performed  in  a 
vacuum,  and  it  is  always  neceffary  to  af- 
certain  the  ftate  of  the  barometer,  thermo- 
meter, and  hygrometer,  in  chemical  experi- 
ments. 

II.  The  atmofphere  is  a vaft  labora- 
tory, in  which  nature  operates  immenfe 
analyfes,  folutions,  precipitations,  and  com- 
binations : it  is  a grand  receiver,  in  which 
all  the  attenuated  and  volatilized  productions 
cf  terreftrial  bodies  are  received,  mingled, 
agitated,  combined,  and  feparated.  Con- 

I fidered 
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ficiered  in  this  view,  the  atmofpheric  air  is  a 
chaos,  an  indeterminate  mixture  of  mineral 
vapours,  vegetable  and  animal  molecules, 
feeds,  and  eggs,  which  the  luminous,  caloric, 
and  eledtric  fluids  are  pervading  and  traverf- 
ing  continually.  The  grand  changes  it  ex- 
periences, of  which  we  are  fenfible  in  ex- 
tensive fpaces  by  the  appearance  of  water, 
light,  free  caloric,  or  noife,  are  called  me- 
teors. 

III.  Notwithftanding  this  mixture,  of 
which  it  feems  impoflible  for  us  to  afcertain 
the  nature,  the  atmofpheric  air  is  fenflbly  the 
fame  with  regard  to  it’s  intimate  qualities, 
wherever  we  examine  it ; and  it  is  decidedly 
marked  by  it’s  two  properties  of  fupporting 
refpiration  and  combuftion.  The  clofeft: 
analogy  fubfifting  between  thefe  two  grand 
phenomena,  from  a careful  ftudy  of  what 
pafles  in  combuftion  we  may  acquire  a 
knowledge  of  the  air. 

IV.  A combuftible  body  cannot  burn 
without  the  contact  of  atmofpheric  air,  or  a 

certain 
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certain  matter  extracted  from  it.  Thui 
combuftion  cannot  take  place  in  a vacuum. 

V.  A combuftible  body  cannot  burn  in 

a given  quantity  of  atmofpheric  air,  beyond 
a certain  period.  A hundred  parts  of  this 
air  contain  only  twenty-feven  capable  of 
fupporting  combuftion  ; when  thefe  twenfy- 
feven  parts  have  been  abforbed  by  the  com- 
buftible  body,  the  combuftion  ceafes,  as  the 
other  feventy- three  parts  cannot  any  way 
contribute  to  it’s  fupport.  Hence  it  ap- 
pears, that  atmofpheric  air  is  a compound  of 
two  different  fubftances,  fetting  aftde  a few 
matters  foreign  to  it,  which  are  mingled 
with  it,  but  amount  not  to  more  than  a 
hundredth  part  of  it’s  bulk.  Of  thefe  two 
fubftances,  one  fupports  refpiration  and  com- 
buftion : this  is  termed  vital  air : the 

other  is  the  reverfe  of  it  in  both  thefe  re- 
fpe&s,  and  is  called  azotic  gas. 

w 

VI.  Thus  a body  burning  in  the  air  ef- 
fects a real  analyfts  of  this  fluid.  It  fepa- 
rates  from  it  and  abforbs  the  vital  air,  which 
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augments  the  weight  and  changes  the  nature 
of  the  burning  body.  The  azotic  gas  which 
remains  is  lighter  than  the  atmofpheric  air, 
extinguishes  bodies  in  combuStion,  and  kills 
animals.  It  is  alfo  one  of  the  constituent 
principles  of  feveral  compounds,  as  we  Shall 
fee  farther  on,  particularly  of  ammoniac,  or 
volatile  alkali,  the  acid  of  nitre,  and  ani- 
mal Subftances. 

I 

VII.  A combuStible  body  which  has 
burnt  in  atmofpheric  air,  and  abforbed  all 
the  vital  air  to  which  it  is  capable  of  unit- 
ing, can  burn  no  longer  in  a freSb  quantity 
of  air : it  has  become  incombustible,  and 
frequently  Saline. 

VIII.  A body  burning  in  atmofpheric  air 
never  abforbs  completely  the  twenty-feven 
hundredth  parts  of  vital  air  it  contains. 
To  make  a perfedt  analySis  of  the  atmo- 
fpheric air,  and  diveft  it  entirely  of  this 
fluid,  combuSlible  bodies  muft  be  burnt  in 
it  repeated  times. 


IX.  The 
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IX.  The  portion  of  air  thus  abforbed 
by  combuflible  bodies,  called  above  vital 
air,  is  a!fo  named  oxygen  air.  The  former 
name  is  derived  from  it’s  being  the  foie  elaf- 
tic  fluid  capable  of  fupporting  life:  the 
latter  is  given  it,  becaufe  many  bodies  on 
abforbing  it  are  rendered  acid. 

X.  Combuftion  then  confifts  in  the  fixa- 
tion and  abforption  of  vital  air  by  the  com- 
buftible  body,  and  the  decompofition  of 
the  atmofpheric  air  by  it’s  means.  As  the 
vital  air  only  ferves  to  fupport  combuftion, 
it  is  eafy  to  conceive,  that  a very  com- 
buftible  body,  capable  of  abforbing  the 
whole  of  the  vital  air,  may  be  em- 
ployed to  determine  the  proportion  of  the 
two  atmofpheric  fluids : thus  phofphorus  is 
now  ufed  for  the  purpofe  of  eudio?netryy  or 
to  difcover  the  purity  of  the  atmofphere, 
that  is  to  fay,  the  proportion  of  this  vital 
air  which  it  contains. 

XI.  As  vital  air  is  a gas,  and  many  com- 
buflible bodies,  when  they  abforb  it,  render 
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it  fixed,  and  caufe  it  to  aflame  the  folid 
form,  the  vital  air,  when  it  is  thus  precipi- 
tated, lofes  the  caloric,  which  held  it  in  a 
ftate  of  folntion,  and  gave  it  the  elaffic  fluid 
form  : hence  the  origin  of  the  caloric  dif- 
engaged,  or  of  the  heat  produced,  during 
comb  ufl  ion. 


XII.  Combuflible  bodies  differ  from  each 
other,  firff,  in  the  rapidity  with  which  they 
abforb  oxygen  ; 2dly,  in  the  quantity  of  it 
they  abforb ; 3dly,  in  the  proportion  of 
caloric  which  they  difengage  from  the 
oxygen  abforbed ; and,  by  confequence, 
4thly,  in  the  greater  or  lefs  degree  of  foli- 
dity  of  the  oxygen  they  contain  after  being 
burnt. 

XIII.  Burnt  bodies  then  may  be  defined 
to  be  bodies  combined  with  oxygen  : accord- 
ingly they  are  termed  oxygenated,  or  oxy- 
dated  fubffances : and  as  the  greater  number 
of  known  bodies  are  either  combuftible,  or 
already  burnt,  we  may  be  allowed  to  fuf- 
pe£t,  that  many  incombuftible  natural  bo- 
dies. 
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dies,  with  the  compofition  of  which  we  are 
unacquainted,  are  incombuftible  folely  from 
being  faturated  with  oxygen.  With  regard 
to  fomc  in  this  predicament,  this  conjedure 
has  already  been  verified. 

XIV.  From  feveral  of  the  preceding 
axioms  it  follows,  that,  when  we  burn  a 
combufiible  body  in  order  to  procure  heat, 
as  we  do  to  mitigate  the  rigours  of  winter,  we 
obtain  at  lead;  the  greater  part  of  the  calo- 
ric from  the  air  itfelf,  with  which  it  was 
combined.  We  may  even  afiert,  that  the 
colder  the  air,  the  more  heat  is  derived  from 
it ; becaufe,  when  the  atmofphere  is  ex- 
tremely cold,  more  air  pafies  into  the  fire 
in  a given  bulk.  Indeed  it  is  well  known, 
that  the  fire  in  our  grates  is  much  more 
fcorching,  and  burns  much  more  brifkly, 
when  the  air  fuddenly  becomes  cold ; and 
the  art  of  increafing  combuftion  by  means 
of  condenfed  air  thrown  from  a pair  of  bel- 
lows on  wood  already  heated  is  founded  on 
this  principle. 
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XV.  Combuftion,  then,  is  not  confined 
to  the  decompofition  of  atmolpheric  air  by 
abforbing  one  of  its  principles ; for  it  alfo 
decompofes  the  vital  air,  by  abforbing, 
fixing,  and  rendering  more  or  lefs  folid,  in 
the  combuftible  body,  the  oxygen,  or  bafe 
of  the  vital  air,  and  difengaging  the  folvent 
of  this  bafe,  caloric,  in  greater  or  lefs 
quantity. 

i 

XVI.  There  is  another  interefting  phe- 
nomenon in  combuftion,  which  modern 
chemiftry  is  able  to  explain  : that  of  the 
dilengagement  of  light,  or  the  production 
of  flame.  It  is  demonftrated,  that  the 
greater  part  of  the  light  which  conftitutes 
flame  is  contained  in  the  vital  air,  of  which 
it  is  one  of  the  principles  : for  ill,  com- 
buftible bodies  afford  much  more  flame  when 
they  burn  in  vital  air  alone,  than  in  atmo- 
fpheric  air : 2dly,  there  are  combuftible 
bodies  which  do  not  burn  with  flame  except 
in  vital  air : 3dly,  to  dilengage  the  oxygen 
from  bodies  which  contain  it,  and  convert 
it  into  vital  air,  it  is  not  fuflicient  to  dif- 
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folve  it  in  a,  greater  or  lefs  quantity  of  ca- 
loric, but  it  is  neceffary  at  the  fame  time  to 
add  light : 4thly,  there  are  burnt  bodies 
which  lofe  their  oxygen  on  the  contact  of 
light  alone  : in  this  fenfe  we  muft  under- 
Hand  the  property  of  unburning  and  decom - 
bujiion , mentioned  as  a chara&eriftic  of 
light  in  the  firffc  chapter. 

XVII.  Vital  air,  therefore,  is  to  be  con- 
Ildered  as  a compound  of  a folidifiable,  pon- 
derous, acidifying  bafe,  oxygen , diffolved 
in  two  menftrua,  caloric  and  light,  which 
of  themfelves  are  extremely  attenuate, 
highly  elaftic,  and  deftitute  of  affignable 
weight.  Combuftion  confifts  in  a more  or 
lefs  complete  precipitation  of  the  oxygen 
of  thefe  two  menftrua. 

XVIII.  Thus  a combuftible  body  in 
burning  difengages  from  vital  air  not  only 
caloric,  but  alfo  light ; and  every  combuf- 
tible  body  difengages  a different  quantity  of 
light  from  the  vital  air,  as  it  does  of  caloric. 
Jt  is  probable,  that  there  are  combuftible 
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bodies  which  feparate  from  vital  air  more 
light  than  caloric,  while  others  diiengage 

from  it  more  caloric  than  light. 

* 

XIX.  The  oxygen  fixed  in  burnt  com- 
buftible  bodies  remains  more  or  lefs  de- 
prived of  light  and  caloric  : and  the  den- 
fity  or  folidity  it  acquires  in  the  procefs 
is  one  of  the  caufes,  to  which  is  owing 
the  greater  or  lefs  facility  experienced  in  fe- 
parating  the  oxygen  from  burnt  bodies  in 
the  form  of  vital  air.  For  this  fome  require 
more  caloric  than  light  j others,  more  light 
than  caloric. 

XX.  It  is  eafy  to  perceive,  after  what  has 
been  faid,  that  to  feparate  the  oxygen  from 
a burnt  body  is  to  perform  an  operation 
the  reverfe  of  combuftion.  We  have  no 
Word  in  our  language  to  exprefs  this  opera- 
tion. It  would  not  be  improper  to  fay,  that 

. we  unburny  that  we  difoxydate  the  body  : 
hence  the  terms  of  unburning  and  difoxy - 
da  t ion* 
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XXI.  Befide  the  greater  or  lefs  force 
with  which  oxygen  is  retained  in  combuf- 
tible  bodies,  according  to  it’s  being  com- 
bined with  them  in  a ftate  of  greater  or  lefs 
folidity,  and  it’s  having  loft  a greater  or 
lefs  portion  of  it’s  folvents,  it  adheres  to 
them  by  it’s  attradion,  it’s  particular  affinity 
to  each.  A confiderable  number  of  thefe 
affinities  of  oxygen  for  different  fubftances 
are  already  known,  and  the  degrees  of  fome 
of  them  have  been  afcertained. 

XXII.  It  is  from  the  degrees  of  thefe  af- 
finities, that  we  are  frequently  enabled  to 
transfer  oxygen  from  a burnt  body  to  a 
combuftible  one.  In  this  procefs  a com- 
bullion  takes  place,  fo  much  the  more  im- 
perceptibly, or  tacitly  as  it  were,  according 
as  the  oxygen  is  more  folid  in  the  burnt 
body,  and  more  fimilar  in  denfity  to  the 
body  which  abforbs  it,  or  into  which  it 
paffes.  But  this  kind  of  combudion  fomc- 
times  takes  place  with  a vivid  heat  and 
flame  : which  phenomena  occur,  whenever 
the  body  which  is  to  receive  the  oxygen 
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muft  contain  it  in  a more  folid  form,  than 
that  from  which  it  is  extracted.  Thus 
iron,  zinc,  antimony,  arfenic,  &c.  burn  with 
flame,  when  heated  with  oxyd  of  mer- 
cury, from  which  they  attract  the  oxygen, 
to  contain  it  in  a more  folid  form. 


applications  of  the  preceding  Propofitions . 

The  obftacle  which  air  oppofes  to  evapo- 
ration, the  ebullition  of  liquids,  fub- 
limation,  &c. 

The  folution  of  water  in  air,  and  the  hy- 
grometrical  ftate  of  the  atmofphefe. 

The  efflorefcence  and  deliquefcence  of 
faline  bodies,  &c. 

Aqueous  meteors. 

Experiments  made  at  different  heights  of 
the  atmofphere. 

Experiments  made  in  a vacuum. 

The  comparative  nature  of  combuflible 
bodies. 

The  increafe  of  weight  and  change  of 
nature  in  thefe  bodies  after  combuf- 
tion. 
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The  hiftory  of  native  burnt  bodies. 

Artificial  heat  and  flame.  , 

The  theory  of  furnaces. 

The  different  eudiometrical  proceffes. 

The  refpiration  of  different  animals. 

The  mephitifm  occafioned  by  combuf- 
tion  and  refpiration. 

The  diminution,  increafe,  and  fupport  of 
animal  heat. 

Tranfpiration  from  the  fkin  and  lungs, 
&c. 
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THE  NATURE  AND  ACTION  OF  WATER. 

I.  WATER  exifts  in  three  different 
flates  : that  of  a folid,  which  is  ice ; that 
of  a fluid,  it’s  mofi  common  form  j and 
that  of  vapour,  or  gas. 

II.  Ice  is  a cryflallization  more  or  lefs 
regular,  tranfparent,  very  fapid,  elaffic,  fu- 
flble  at  a temperature  above  320  of  Fahren- 
heit’s thermometer,  and  which  fuffers  the 
efcape  of  much  caloric  from  it’s  interiour,  in 
feveral  combinations. 

III.  Ice  at  3 20  abforbs  1120  of  heat  in 
melting,  or  fuch  a quantity  of  caloric  as 
would  raife  a body  of  water  of  equal  bulk 
with  itfelf  to  1440.  It’s  capacity,  therefore, 
is  not  the  fame  with  that  of  fluid  water, 
which  is  owing  to  the  difference  of  it’s  ffate, 
as  has  been  faid  in  Chap.  II,  Sett.  VI. 

3 IV.  When 
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IV.  Whenever  fluid  water  lofes  much  ca- 
loric on  entering  into  any  combination,  it 
ought  to  be  confidered  as  folid  in  it : fre- 
quently it  is  even  much  more  fo  than  ice  at 
32°  ; whence  arifes  the  folidity  of  mortars, 
or  cements,  of  which  flaked  lime  form  a 
part. 

• 

V.  Water  remains  eternally  folid  on 
mountains,  cooled  forages  by  the  prefence  of 

c,  and  underneath  the  poles.  In  thefe 
places  it  forms  a kind  of  rocks,  or  white 
concretions  almofl:  fimilar  to  Hones. 

VI.  Fluid  water  is  pure,  infipid,  deftitute 
of  fmell,  and  850  times  heavier  than  air.  It 
forms  rivers,  brooks,  ponds,  fprings,  rivu- 
lets, &c.  It  occupies  the  cavities,  furrows, 
and  generally  fpeaking,  the  lowed;  parts  of 
the  globe. 

1 

VII.  It  is  very  fcldom  pure,  for  it  diflolves, 
in  the  earth,  and  on  it’s  furface,  air,  laline 
gafes,  and  terreflrious  falts : it  a<Hs  even  on  the 
moll  folid  Hones,  which  it  diflolves,  carries 

along 
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along  in  it’s  courfe,  depoflts,  and  cryflallizes. 
Hence  it  has  been  named  the  grand  men- 
flruum  of  nature.  By  it  are  produced 
various  phenomena,  and  it  is  one  of  the  moil 
powerful  agents,  by  which  the  furface  of 
the  globe  is  inceflantly  modified.  It’s  mecha- 
nical and  chemical  operations  have  gradually 
changed  the  nature  of  minerals,  and  created 
a kind  of  new  world  on  the  face  of  the  old. 

VIII.  Accordingly  all  the  waters  of  the 
earth  contain  fome  fubflance  or  other, 
foreign  to  the  nature  of  water ; the  pre- 
fence of  which  is  difcernible  from  the  in- 
creafe  of  their  fpecific  gravity,  their  tafte, 
more  or  lefs  flat,  earthy,  and  crude,  and  the 
difficulty  with  which  they  boil,  drefs  pulle, 
or  difl'olve  foap.  The  more  free  any  water 
is  from  thefe  properties,  which  are  repugnant 
to  it’s  eflential  character,  the  greater  it’s 
purity. 

IX.  Water  flowing  in  a fandy  channel, 
and  expofed  to  the  open  air,  is  fufficiently 
pure  for  the  purpofes  of  life,  and  molt  of  the 
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ufes  of  the  arts.  On  the  contrary,  that 
which  traverfes  chalk,  gypfum,  and  marbles, 
or  Magnates  on  turf,  bitumen,  and  oies  oi 
metals,  or  in  fubterranean  cavities  fai  fiom 
the  con  tad:  of  the  atmofphere,  is  more  or 
lefs  impure. 

X.  The  art  of  correding  hard  or  impure 
water  by  chemiftry  confifls  in  expofing  it 
to  the  atmofphere,  agitating  it  in  contad 
with  the  air,  boiling  it,  diftilling  it,  and 
afterwards  combining  it  with  air.  fre- 
quently the  addition  of  allies,  alkalies,  or 
weak  acids,  ferves  to  diminifh  the  bad  qua- 
lities of  water  ; and  fometimes  even  com- 
pletely removes  them.  Moft  adventitious 
fubftances,  which  diminilh  the  purity  of 
water,  being  either  much  more  volatile,  or 
much  more  fixed,  than  it,  diftillation  is  the 
moft  certain  method  of  obtaining  pure 
water.  For  this  reafon  chemifts  always 
employ  diftilled  water  in  their  experiments. 

XI.  Fluid  water,  being  a combination  of 

ice  at  3 z°,  and  iuch  a quantity  of  caloric  as 

would 
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would  have  been  fuflicient  to  raife  the  water 
to  1440,  on  the  addition  of  caloric  becomes 
rarefied : when  it  is  raifed  to  a temperature 
of  1 84°,  it  aflumes  the  form  of  gas,  it  is  va- 
pour : in  this  ftato  it  is  far  lighter  than  fluid 
water,  it  occupies  a much  more  extenfive 
fpace,  it  eafily  penetrates  all  bodies,  it  readily 
diflolves  in  air,  and  it’s  ex  pan  five  force  ren- 
ders it  capable  of  moving  enormous 
weights. 

XII.  As  fluid  water  abforbs  air,  which 
renders  it  light,  air  alfo  abforbs  and  diflolves 
water.  This  is  the  caufe  of  water’s  eva- 
porating. The  folution  of  water  in  air  is 
dry  and  invifible  as  air  itfelf : it  is  propor- 
tionate to  the  temperature  of  the  atmofphere. 
The  hygrometer  does  not  indicate  with  pre- 
ciflon  this  water,  for  it  is  not  affedted  by 
a complete  folution  of  water  in  air,  but 
moves  according  to  the  quantity  of  water 
which  is  juft  going  to  be  difl'olved,  and 
moie  efpecially  of  that  which  is  precipitat- 
ing from  it. 
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XIII.  Water  is  not  a fimple  fubflance,  as 
had  long  been  fuppofed.  By  burning  with 
rapidity  a number  of  combuflible  bodies, 
more  or  lefs  heated,  as  charcoal  and  pit-coal 
already  on  fire,  red-hot  iron,  zinc  melted 
and  red-hot,  oil,  &c.,  water  is  decompoled, 
yielding  to  thefe  combuflible  bodies  the 
oxygen  it  contained. 

f , 4* . - ' , . j r 

XIV.  In  proportion  as  the  oxygen  of  the 
water  becomes  fixed  in  the  combuflible  bodies 
which  it  burns,  it's  other  principle  capable  of 
diffolving  in  caloric  forms  the  inflammable 
gas  which  is  evolved.  As  this  fecond  prin- 
ciple is  one  of  the  elements  of  water,  it  has 
been  called  hydi'ogen , and  it’s  elaflic  fluid 
folution  in  light  and  caloric  hydrogen  gas. 
The  difengagement  of  this  principle  in  the 
form  of  gas,  which  takes  place  wherever 
water  is  decompofed  by  a combuflible  body, 
is  the  caufe  of  a great  number  of  the  detona- 
tions and  fulminations,  which  occur  in 
chemical  proceffes. 
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XV.  The  hydrogen  gas  produced  in  va- 
rious experiments  always  originates  from 
water,  either  in  confequence  of  a preceding 
decompofition,  in  which  it  had  been  com- 
bined in  the  flate  of  fixed  hydrogen,  with 
one  of  the  fubflances  employed,  or  from  a 
decompofition  of  water  actually  taking  place 
in  the  experiments  themfelves.  All  hydro- 
gen gas,  therefore,  proceeds  from  water. 

XVI.  Reiterated  experiments  have  proved, 
that  water  contains  about  85  hundredth  parts 
of  oxygen  and  15  of  hydrogen.  The  re- 
compofition  of  water,  one  of  the  grandeR 
difcoveries  of  modern  chemiflry,  confirms 
the  analyfis  of  this  body  f for  on  uniting 
by  combuftion  8*5  parts  of  oxygen  with  1 5 
of  hydrogen,  a hundred  parts  of  pure  water 
are  obtained. 

XVII.  When  water  is  decompofed  by  a 
combuftible  body,  this  is  effected  by  means 
of  a double  affinity ; that  of  the  oxygen  of 
the  water  for  the  combuflible  body,  and  that 
of  it’s  hydrogen  for  caloric.  For  this  reafon, 

the 


( 35  ) 

the  more  caloric  matter  is  employed  in  the 
experiment  of  decompofing  water  by  means 
of  iron,  charcoal,  or  the  like,  the  fooner  is 
the  water  decompofed.  From  this  neceflity 
for  an  extreme  abundance  of  caloric  in  the 
operation,  it  is  eafy  to  conceive  how  the 
hydrogen,  one  of  the  elements  of  the  water, 
acquires  a levity  fo  far  beyond  that  of  the 
fluid  from  which  it  is  derived  : in  fadt, 
while  a cubic  foot  of  water  weighs  feventy 
pounds,  a cubic  foot  of  pure  hydrogen  gas 
weighs  only  fixty-one  grains. 

XVIII.  Hydrogen  gas,  though  always 
produced  by  the  decompofition  of  water, 
carries  along  with  it  various  fubftances, 
either  fufpended  or  diflolved  in  it,  according 
as  the  bodies  from  which  it  is  extricated 
are  more  or  lefs  Ample : thus  it  is  mingled 
with  azotic  gas,  carbonic  acid  gas,  or  vital 
air ; or  it  holds  in  folution  water,  coal,  ful- 
phur,  phofphorus,  arfenic,  oil,  alcohol,  ether, 
&c.  From  the  difference  of  thefe  adven- 
titious fubftances  which  it  contains,  it  varies 
in  fmell,  weight,  and  inflammability,  the 
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colour  of  the  flame  it  yields,  it’s  adtion  on 
different  bodies,  and  all'o  in  the  products 
diftindt  from  pure  water  which  it  affords  in 
burning.  Hence  are  derived  the  feveral 
fpecies  and  denominations  of  inflammable 
gas  admitted  by  authors,  of  which  hydrogen 
gas  always  conftitutes  the  general  balls. 

XIX.  Hydrogen  gas  being  one  of  thofe 
natural  fubftances  that  contain  moft  caloric, 
it  is  among  the  number  of  combuftible 
bodies  which  give  out.  mofl:,  and  confe- 
quently  afford  mofl  heat  in  burning.  Hence 
all  compound  combuftible  bodies,  of  which 
hydrogen  conftitutes  the  bafis,  fuch  as  oils, 

* 

fats,  and  in  general  all  that  originate  from 
organized  bodies,  yield,  during  the  procefs  of 
burning,  a confiderable  quantity  of  heat. 
Wood,  oil,  pit-coal,  bitumen,  alcohol,  ether, 
and  the  like,  are  of  this  kind. 

XX.  It  follows,  alfo,  from  what  has 
been  faid,  that  thofe  compound  combuftible 
bodies,  which  contain  much  hydrogen  in 
their  compofition,  necelfarily  require  a large 
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potion  of  oxygen  in  burning,  and  afford 
water  as  a product  of  their  combuftion,  in 
proportion  to  the  quantity  of  hydrogen  they 
contain.  Thus  a pound  of  alcohol,  on 
being  burnt,  yields  more  than  a pound  of 
water,  &c. 

i 

t 

XXI.  The  combuftible  bodies  which  de- 
compofe  water,  generally  fpeaking,  are  thofe 
which  have  a greater  affinity,  or  ftronger  at- 
traction, for  oxygen,  than  hydrogen  has : 
but  this  attraction  is  greatly  affifted  by  the 
prefence  of  caloric,  which  has  a tendency 
to  unite  with  the  hydrogen.  A large  quan- 
tity of  caloric  can  even  occafion  the  decom- 
pofition'of  water  by  bodies  which  would 
be  incapable  of  decom poling  it  cold.  To 
this  light  equally  contributes. 

XXII.  The  combuftible  bodies  which 
will  not  decompose  water  at  any  tem- 
perature, in  confequence  of  their  feeble  at- 
traction for  oxygen,  which  in  this  cale 
always  remains  inferiour  to  that  which  fublifts 
between  oxygen  and  hydrogen,  mud,  on 
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the  contrary,  when  they  have  been  burnt  by 
other  means,  be  decompofed,  or  fufter  their 
oxygen  to  be  taken  from  them,  by  hydrogen. 
This  happens  to  the  oxyds  of  lead,  bif- 
muth,  &c. 

XXIII.  Hitherto  the  art  of  chemiftry 
has  arrived  at  the  knowledge  of  no  means  of 
decompofing  water,  but  by  combuftible 
fubftances,  which  take  from  it  it’s  oxygen  : 
we  are  unacquainted  with  any  capable  of  at- 
tracting it’s  hydrogen,  and  fetting  it’s  oxygen 
free.  It  would  feem,  however,  that  nature 
has  inftruments  for  effecting  this  inverfe 
manner  of  decompofing  water  : the  leaves  of 
vegetables  ftruck  by  the  rays  of  the  fun  ap- 
pear to  decompofe  water  by  abforbing  it’s 
hydrogen,  and  difengaging  it’s  oxygen  in  the 
form  of  vital  air.  This  we  may  prefume  to 
be  in  part  the  mechanifm  of  vegetation,  of 
the  formation  of  oils,  and  of  the  renovation 
of  the  atmofphere.  See  Chap.  IX. 

XXIV.  While  hydrogen  and  oxygen, 
each  diffolved  into  gas  by  caloric  and  light. 
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remain  in  contact  with  each  other  cold,  they 
do  not  combine ; no  inflammation  occurs, 
no  water  is  formed.  But  if  the  mixture  be 
expofed  to  an  ignited  body,  ftrongly  com- 
preffed,  or  affedted  by  any  violent  and  forci- 
ble concuffion,  a combination  of  the  two 
commences,  combuftion  takes  place,  and 
water  is  produced. 

/ 

XXV.  A fimilar  phenomenon  appears  to 
take  place  in  the  atmofphere.  Atmofpheric 
detonations,  claps  of  thunder,  feem  to  be 
nothing  more  than  a combuflion  of  hydro- 
gen gas  and  vital  air ; and  accordingly  they 
are  often  fucceeded  by  a torrent  of  rain. 
Some  ftorms  of  rain  alfo  appear  to  be  in  like 
manner  owing  to  a fudden  formation  of 
water  in  the  atmofphere,  from  the  rapid 
combuftion  of  hydrogen  gas  and  vital  air, 
occalioned  by  an  eledtric  fpark,  ariiing  from 
the  necelfary  re-eftablifhment  of  an  equili- 
brium of  eledtricity  between  different 
clouds,  or  between  the  clouds  and  the 
earth. 
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XXVI.  A multitude  of  chemical  pheno- 
mena of  nature  and  art,  formerly  inexplica- 
ble and  ranked  as  miraculous,  are  now 
efleemed  the  neceffary  corfequences  of  the 
decompofition  of  water  well  underflood. 
Of  the  truths  exhibited  in  this  chapter  the 
influence  on  the  general  theory  of  chemiflry 
is  immenfe,  as  will  appear  in  thofe  that  fuc- 
ceed. 


Applications  of  the  Propoftions  in  this 

Chapter . 

Artificial  refrigerations. 

The  theory  of  the  permanent  ice  cover- 
ing the  tops  of  mountains,  and  the 
neighbourhood  of  the  poles. 

The  varieties  of  atmofpheric  and  terref- 
trial  waters. 

The  art  of  correcting  the  bad  qualities  of 
waters. 

The  theory  of  the  ebullition  of  water. 

1 he  difference  between  boiled  water  and 
water  pregnant  with  air. 

The 
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The  dirt  illation  of  water  in  the  great, 
and  that  of  fait  water. 

The  theory  of  fogs  and  dew. 

The  theory  of  the  hygrometer,  and  hy- 
grometrical  phenomena. 

The  burning  of  combuftible  fubftances 
by  means  of  water. 

Thegafes  difengaged  from  ftagnant  wa- 
ters. 

The  variety  of  inflammable  gafes. 

The  colouring  of  fubrtances  by  inflam- 
mable gafes. 

The  oxydation  of  metals,  or  ruft,  pro- 
duced by  damp  air. 

The  theory  of  detonations. 

Some  phenomena  of  metallic  folutions. 

Some  fundamental  principles  of  the 
theory  of  vegetation,  the  formation  of 
oils,  6cc. 
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CHAP.  V. 


THE  NATURE  AND  ACTION  OF  EARTHS 
AND  ALKALIES. 

I.  WHAT  was  formerly  called  earth 
by  way  of  eminence,  and  confidered  as  an 
element,  and  the  caufe  of  folidity,  drynefs, 
infipidity,  indiffolubility,  &c.,  is  now  con- 
figned  to  that  clafs  of  vague  and  indetermi- 
nate ideas,  which  the  imagination,  unfatis- 
fied  with  the  fuccefs  of  experience,  invented 
to  fupply  the  place  of  fads.  At  prefent  no 
elementary  earth  is  acknowledged ; and  in- 
stead of  one  earthy  fubftance,  we  have  at 
leaft  five,  all  of  which  have  an  equal  claim 
to  be  denominated  elements,  for  each  enters 
into  the  compofition  of  various  bodies. 

* 

II.  Of  the  five  earthy  fubftances  that 
have  been  difcovered,  two  are  in  fome  mea- 
fure  more  earthy,  dry,  fufceptible  of  hard- 
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nefs,  infipid,  &c.  j while  the  other  three 
poffefs  faline  properties,  which  render  them 
fomewhat  akin  to  the  fubftances  denomi- 
nated alkalies.  Thefe  three,  which  have 
iri  confequence  been  termed  falino-earthy, 

1 • 1 j i_ 

faline  earths,  alkaline  earths,  and  earthy  al- 
kalies, are  baryt,  magnefia,  and  lime.  The 
other  two  are  filex  and  alumin. 

Ilf,  The  generical  characters  common 
to  all  thefe  are  drynefs,  unalterablenefs  in 
the  fire,  infufibility,  and  the  quality  of 
being  infufceptible  of  decompohtion,  and 
aCting  as  fimple  and  indeftruCtible  fubftances 
in  combination.  Belide  thefe,  each  has 
fpecific  characters  by  which  it  is  diftin- 
guifhed. 

IV.  Silex,  which  has  been  named  fili- 
ceous  earth,  quartzofe  earth,  and  vitrifiable 
earth,  is  rough  to  the  touch  ; it  fcratches 
and  wears  away  metals ; it  is  infufible,  in- 
combuftible,  infoluble  in  water  and  mofl 
acids,  foluble  by  alkalies  in  a ftrong  fire,  and 
forming  glals  with  thefe  falts.  It  is  found 
- in 
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in  abundance  in  fand,  quartz,  flint,  agate, 
jafper,  fandflone,  and  all  Hones  that  flrike 
Are,  of  which  it  conftitutcs  the  bafls.  It 
has  neither  been  analyfed,  nor  imitated  by 
fynthefls.  Some  have  conAdered  it  as  the 
mod  Ample  of  the  earths,  the  terreous  ele- 
ment, the  origin  of  all  the  other  earths  ; but 
experience  has  not  fupported  their  afler- 
tions.  It  is  employed  for  various  purpofes, 
particularly  for  mill-flones,  and  making 
glafs,  cements,  earthen-ware,  &c. 

V.  Alumin,  fo  named  becaufe  it  confti- 
tutes  the  bafls  of  alum,  the  fame  which 
fome  authors  have  called  argil,  is  foft  to 
the  touch,  and  adhefive  to  the  tongue,  it 
hardens  in  the  Are,  makes  a pafle  with  water, 
unites  with  moft  acids,  dries  in  flakes,  ac- 
quires great  hardnefs  when  mixed  with 
water  and  Alex,  and  is  contained  in  a large 
proportion  in  clays,  fchifts,  fleatites,  &c. 
It  is  employed  for  various  purpofes  of  art, 
from  it’s  aptitude  for  moulding  into  differ- 
ent forms,  and  retaining  them,  and  it’s 
qualities  of  hardening  in  the  Are,  and  hold- 
ing 
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ing  water.  By  fome  it  has  been  erroneoufly 
confidered  as  filex  changed,  attenuated,  and 
rotted  by  the  adtion  of  air  and  water,  but 
with  it’s  intimate  nature,  or  principles,  we 
are  totally  unacquainted. 

• t * 

VI.  Baryt,  or  heavy  earthy  is  remarkable 
for  it’s  extreme  ponderofity,  This  is  never 
found  alone  in  nature,  but  always  united 
with  the  fulphuric  or  carbonic  acid.  In  the 
lire,  and  in  contadt  with  the  filex  or  alumin 
of  the  crucible,  it  affumes  a blue  or  green 
colour ; it  is  foluble  in  nine  hundred  times 
it’s  weight  of  water,  changes  fyrup  of  vio- 
lets green,  has  a dronger  affinity  even  than, 
alkalies  for  mod:  acids,  and  will  any  where 
detedt  the  prefence  of  fulphuric  acid,  and  in- 
dicate it’s  quantity.  It’s  principles  are  un- 
known, though  it  is  fufpedted  of  being  a 
metallic  oxyd. 

t 

VII.  Magnefia  is  very  line,  very  white, 
unalterable  in  the  fire,  foft,  and  light.  It 
refembles  vegetable  feculae,  requires  near 
two  thoufand  parts  of  water  to  diffolve  it, 

very 
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very  flightly  greens  the  tindture  of  of  violets 
and  mallow  flowers,  forms  with  acids  ex- 
tremely foluble  falts,  and  is  lefs  retentive 
of  acids  than  lime,  which  attracts  them 
from  it,  having  nearly  the  fame  affinity  for 
them  as  ammoniac,  with  which  and  acids 
it  forms  falts  with  two  bafes,  or  a clafs  of 
triple  falts.  It  exifls  in  confiderable  quan- 
tity in  ferpentines,  mica,  dates,  and  amian- 
thus ; is  equally  incapable  of  analyfis  with 
the  preceding  earths ; and,  like  their’s,  it’s 
compofition  is  unknown. 

VII  I.  Lime  is  the  moll  alkaline  of  earths, 
and  the  only  one  that  poffiefTes  an  acid,  burn- 
ing, almoft  cauftic,  difagreeable,  and  urinous 
talte.  It  is  very  powerful  in  converting 
the  fyrup  of  violets  to  a green  colour ; at- 
tracts water  from  the  atmofphere  when 
flacked  in  it  • heats  greatly  with  water,  and 
becomes  folid  with  it ; gives  out  a large 
quantity  of  caloric  when  flacked  dry;  dif- 
folves  in  lefs  than  feven  hundred  parts  of 
water  ; attracts  carbonic  acid  from  the  at- 
mofphere, and  forms  on  the  furface  of  it’s 
1 folution 
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folution  a pellicle  of  chalk,  improperly 
called  cream  of  lime  ; is  unalterable  alone, 
but  melts  with  fllex  and  alumin ; and  is 
formed  of  principles  with  which  we  are  yet 
unacquainted,  though  it  is  evidently  a com- 
pound. 

IX.  The  pretended  converfion  of  earths, 
each  into  other,  admitted  by  natural  philo- 
fophers,  is  nothing  more  than  a chimera  : fo 
far  is  it  from  being  proved,  that  filex  be- 
comes alumin' in  confequence  of  expofure  to 
the  air,  that  flints  are  changed  into  chalk, 
and  that  chalk  is  converted  into  magnefla, 
as  fome  have  llippofed  on  much  too  feeble 
grounds. 

X.  The  three  alkaline  earths  are  to  ap- 
pearance more  manifeftly  compound  than 
the  other  two.  There  is  reafon  to  prefume, 
that  azot  is  cne  of  their  principles,  and 
gives  them  their  alkaline  properties : how- 
ever, experience  has  yet  afforded  no  proof  in 
fupport  of  this  opinion  ; though  their  oii- 
gin,  aferibed  with  con flderable  probability  to 
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marine  animals,  which  contain  a large  por- 
tion of  azot  in  their  compofition,  renders  it 
not  deflitute  of  foundation. 

XI.  As  to  the  metallic  nature  of  the  five 
earths,  which  fome  fuppofed  they  had  de- 
monftrated  by  an  imaginary  reduction  of 
them  into  metals,  by  expofmg  them  to  a 
violent  heat  in  contadt  with  charcoal ; the 
very  fmall  and  few  metallic  globules  ob- 
tained evidently  came  from  the  charcoal 
and  the  earth  of  the  cupels,  and  has  been 
difcovered  to  be  nothing  more  than  phof- 
phur  of  iron  in  the  treatment  of  each  of 
the  different  earths ; whence  it  is  fufficicntly 
proved,  that  they  afford  no  metallic  fub- 
ftance.  Several  natural  philofophers  con- 
tinue of  opinion,  that  earths  are  fpecies  of 
burnt  bodies,  to  which  the  oxygen  is 
ftrongly  adherent,  and  incapable  of  being 
decompofed  on  account  of  their  powerful 
attraction  for  this  principle  but  in  this 
they  are  not  fuppoited  by  experience. 

XII.  Earths 
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XII.  Earths  combine  by  twos,  threes, 
and  even  greater  numbers,  by  procefTes  un- 
known to  us,  which  nature  employs  on  a 
very  extenlive  fcale,  to  produce  ftones  dif- 
fering in  hardnefs,  texture,  tranfparency, 
opacity,  colour,  form,  &c.  If  art  have 
failed  to  imitate  thefe  compounds,  the  rea- 
fon  is,  time,  fpace,  and  quantity,  are  want- 
ing. Something  fimilar  to  the  natural 
earthy  compounds,  however,  may  be  pro- 
duced, by  leaving  a long  time  in  contadl 
earths,  intimately  mingled,  and  moiftened  at 
firft  with  a little  water. 

XIII.  The  three  alkaline  earths  form  a 
kind  of  intermediate  link  between  earths  and 
alkalies.  The  latter  are  diftinguifhable  by 
their  acrid,  burning,  and  urinous  tafte,  their 
caufticity,  their  lingular  adtion  on  the  fkin 
and  all  animal  fubftances,  the  quality  of 
changing  the  blue  colour  of  violets  to  a 
green,  and  even  a greenilh  yellow,  and  de- 
li quefcency.  We  are  acquainted  with  three 
fpecies,  potalh,  foda,  and  ammoniac.  The 
firlt  and  fecond  have  been  called  Jixed  alka - 
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HcSy  becaufe  they  melt  and  grow  red  in  the 
iire  before  they  become  volatile ; the  third 
has  been  named  volatile  alkali , from  poffcf- 
fing  the  oppolite  property. 

XIV.  Potafh  is  known  by  the  following 
characters : — It  is  dry,  folid,  white,  cryftal- 
lized  in  rhomboidal  plates,  fufible  at  a tem- 
perature of  203°,  and  very  deliquefeent,  ab- 
lorbs  water  with  heat  and  a peculiar  faint 
fmell,  combines  with  filex  by  fuiion,  and 
forms,  with  it  a tranfparent  compound.  It 
is  frequently  found  native  with  lime,  and 
combined  with  different  acids ; but  is  chiefly 
obtained  from  vegetables,  in  the  afhes  of 
which  it  remains  after  combuftion.  It  is  fup- 
pofed,  that  it  bears  fome  analogy  to  lime, 
and  may  perhaps  be  formed  of  azot  com- 
bined with  it : experience,  however,  gives 
fupport  to  this  opinion. 

XV.  Soda  is  procured  from  marine 
plants  by  incineration,  and  conflitutcs  the 
bafis  of  fea-falt.  It  ftrikingly  refembles 
potafh  in  form,  caufUcity,  fufibility,  deli^ 

quefcency. 


quefcency,  combination  with  filex  by  means 
of  fufion,  adtion  on  animal  fubftances,  &c. ; 
fo  that  it  was  long  confounded  with  it,  and 
misht  have  continued  to  be  fo,  if  it  did  not 
form  very  different  falts  with  acids,  and  yield 
thefe  acids  to  potafh.  It  has  been  imagined, 
that  foda  was  a compound  of  magnefia  and 
azot,  becaufe  falts  with  foda  for  their  bafe 
have  been  as  frequently  found  with  falts 
having  for  their  bafe  magnefia,  as  calcareous 
falts  with  thofe  having  potafh  for  their  balls : 
but  both  thefe  opinions  remain  hitherto 
equally  devoid  of  proof. 

XVI.  Ammoniac,  or  volatile  alkali , dif- 
fers greatly  from  the  two  preceding  fpecies 
in  it’s  form  of  gas  when  diffolved  in  caloric, 
in  it’s  fluid  form  when  diffolved  in  water, 
in  it’s  pungent  and  fuffocating  fmell,  it’s 
folubility  in  air,  and  it’s  known  and  eafy  de- 
compofition  by  the  eledtric  fpark,  metallic 
oxyds,  and  the  nitric  and  oxygenated  muri- 
atic acid.  This  decompofition  evinces,  that 
ammoniac  is  a compound  of  hydrogen  and 
azot • and  for  this  reafon  it  frequently  exhi- 
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bits  the  phenomena  of  a combuftible  fub~ 
fiance.  Hence  alfo  it  is  eafy  to  conceive, 
how  animal  matters  furnifh  ammoniac  in 
confequence  of  put  refaction. 

XVII.  If  azot  fhould  at  fome  future  pe- 
riod appear  to  be  the  principle  that  forms 
alkalies,  the  atmofphere  will  be  found  to 
con  lift  of  a mixture  of  oxygen  and  alkaligen, 
each  feparately  diftolved  in  caloric ; and  it 
will  exhibit  an  immenie  refervoir,  from 
which  the  philofopher  will  perceive  nature 
drawing  the  materials  of  two  clafles  of  com- 
pounds, the  moft  aCtive  and  ufeful  in  a great 
number  of  her  Operations. 


Applications  of  the  Propoftions  in  this 

Chapter . 

The  extraction,  preparation,  and  purifi- 
cation of  earths. 

The  theory  of  the  arts  of  the  potter, 
brickmaker,  6tc. 

The  theory  of  cements  and  mortars. 

The 
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The  reciprocal  combinations  of  earths 
by  means  of  fire. 

The  natural  hiftory  of  /tones. 

The  compound  nature  of  earths  and 
/tones. 

The  alteration  of  colours  by  means  of 
alkalies.  * 

Vitrification  and  the  art  of  making  glafs. 

The  extraction  and  purification  of  potafh 
and  foda. 

The  theory  of  alkaline  cauftics. 

Some  points  regarding  putrefaction. 
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CHAP.  VI. 


THE  NATURE  OF  COMBUSTIBLE  BODIES. 

I.  COMBUSTIBLE  bodies  are  too  va- 
rious, numerous,  and  important  in  the 
phenomena  they  exhibit,  and  the  combi- 
nations they  are  inceffantly  entering  into 
with  each  other  and  with  the  air,  not  to 
excite  us  to  examine  them  with  care,  and 
endeavour  accurately  to  afcertain  their  pro- 
perties and  fpecific  characters. 

II.  In  comprehending  under  this  name  all 
fubftances  capable  of  combining  more  or 
lefs  rapidly  with  oxygen,  and  difengaging 
from  it  caloric  and  light,  we  fhould  arrange 
them  in  two  clafies ; fimple  or  indecompo- 
fible  combuftibles,  or  fucli  as  cannot  be 
decompofed,  and  combuftibles  more  or  lefs 
compound. 

III.  We 
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III.  We  call  thofe  combuftibles  Ample, 

which  we  are  hitherto  unable  either  to  de- 
compofe,  or  to  compofe  by  the  union  of 
different  fub dances-.  With  their  intimate 

4 

nature  we  aie  unacquainted.  Sometimes 
they  occur  fingly  in  the  mineral  kingdom, 
or  in  one  of  the  others  ; but  they  are  found 
mod  ufually  combined  two  and  two  toge- 
ther. Such  are  the  diamond,  hydrogen, 
fulphur,  phofphorus,  carbon,  and  the  me- 
tals. Each  of  thefe  fix  genera  mud  be 
confidered  feparately. 

IV.  The  diamond  is  the  hardeft  of  all  the 
bodies  that  we  know.  It  is  very  remark- 
able for  the  power  with  which  it  refradts 
and  decompofes  light,  from  which  Newton 
difcovered,  that  it  was  very  combuftible.  It 
is  found  native,  cryftallized  in  odtaedra,  do- 
decaedra,  &c. ; exhibits  fome  varieties  dif- 
fering in  texture,  denfity,  and  colour ; 
burns  with  a perceptible  flame,  and  is  con- 
verted into  vapour  by  burning.  It’s  com- 
bination with  oxygen  is  unknown.  Few 
fubtoices  adt  upon  it ; and,  if  it  were  not 
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combuftible,  it  might  be  confidered  as  in- 
fiufceptible  of  alteration.  We  know  no 
compound  into  which  it  enters  as  a con- 
fticuent  part;  and  it  feems  of  all  bodies  the 
leaffc  obedient  to  chemical  attraction. 

V.  Hydrogen  is  one  of  the  principles  of 
water.  With  caloric  and  light  it  forms  hy- 
drogen gas,  fixteen  times  as  light  as  air, 
infoluble  in  mod:  fubftances,  capable  on 
the  other  hand  of  diffolving  fulphur,  phof- 
phoius,  carbon,  arfenic,  oils,  &c.,  and 
thus  forming  the  different  fpecies  of  inflam- 
mable gas,  formerly  called  fulphurated, 
pholphorated,  carbonated,  arfeniated,  olea- 
ginous, &c.  hydrogen  gas.  It  decompofes 
feveral  metallic  oxyds,  and  acids  with 
Ample  and  known  radicals.  3 imparts  to  all 
the  compounds  into  which  it  enters,  whe- 
ther they  be  combuftible  or  not,  a confi- 
derable  refringent  power,  which  property 
led  Newton  to  conjecture,  that  a combuf- 
tible fubftance  was  contained  in  water ; 
becomes  fixed  in  organized  bodies,  and 
forms  one  of  the  principles  of  the  mixed 
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combuftibles  they  contain.  See  Chapters 
IV,  and  X. 

VI/  Sulphur  is  a yellowifli  fubftance, 
odorate,  eledric,  tranfparent  and  odtaedral, 
opake  and  prifmatic,  and  fufible.  It  is  fuf- 
ceptible  of  two  kinds  of  combuftion  j the 
one  flow,  with  a blue  dame,  and  the  for- 
mation of  fulphurons  acid ; the  other  rapid, 
with  a white  dame,  during  which  fulphu- 
ric  acid  is  produced.  It  combines  with 
earths  and  alkalies ; becomes  foluble  when 
thus  combined ; unites  with  metals,  and 
forms  fulphurous  ores  ; and  exids  in  the 
earth  in  very  large  quantity,  either  alone, 
or  combined  with  metal. 

VII.  Phofphorus  is  a white,  tranfparent, 
cryftallized,  lamellated,  and  extremely  full ble 
fubftance.  It  burns  in  two  modes  ; dowly, 
in  every  temperature  with  which  we  are 
acquainted,  emitting  a white  dame  and 
acid  odour,  and  forming  phofphorous  acid  ; 
rapidly,  in  a temperature  of  147°,  with  a 
vivid  and  very  brilliant  dame,  without  any 
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perceptible  odour,  and  forming  phofphoric 
acid.  It  is  never  to  be  found  pure  in  a na- 
tive date,  on  account  of  it’s  extreme  com- 
Duftibility ; unites  with  fulphur,  and  with 
metals;  is  fcluble  in  hydrogen  gas;  takes 
away  oxygen  from  feveral  metals,  and  fepa- 
rates  them  from  acids,  reftoring  their  pro- 
per form,  and  metallic  luftre ; and  ex- 
ifts  more  abundantly  in  the  mineral  king- 
dom, even  than  in  the  animal,  to  which  it 
was  once  exclufively  attributed. 

VIII.  Carbon  is  the  combuitible  matter 
of  coals,  fuppofed  pure  and  ifolated  from 
earths,  alkalies,  falts,  &c.  It  is  combuf- 
tible  in  a great  degree  of  heat ; forms  car- 
bonic acid  when  united  with  oxygen  ; has 
the  flrongeft  attraction  for  oxygen  of  any 
known  fubftance,  and  deprives  all  other 
burnt  bodies  of  this  principle ; exifts  in 
abundance  in  animals  and  vegetables,  con- 
ftitutingalmoft  wholly  the  folid  baits  of  the 
latter,  and  on  that  account  remaining,  and 
prefer ving  their  form,  after  they  are  decom- 
pefed,  either  fporrtaneoufly  or  by  the  aCtion 
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of  caloric  ; is  foluble  in  alkalies,  and  hy- 
drogen gas ; unites  with  metals,  forming 
with  iron,  in  particular,  fteel,  and  carbure 
of  iron,  improperly  called  plumbago,  lead 
ore , or  black  lead ; and  is  found  in  each  of 
the  natural  kingdoms. 

» 

IX.  Metals  are  well  known  for  their  great 
ponderofity  and  luftre : they  are  fufible, 

cryftailizable,  and  combuldible ; decom- 
pofe  water  and  feveral  acids ; unite  with 
fulphur,  phofphorus,  carbon,  and  each 
other,  at  different  temperatures  j and  in  their 
Hate  of  oxyds  perform  a double  function, 
that  of  acids  with  earths  and  alkalies,  and 
that  of  falifiable  bafes  with  « acids.  This 
genus  differs  from  all  that  precede  particu- 
larly in  the  number  of  it’s  fpecies.  To  give 
a juft  idea  of  thefe,  of  which  there  are  fe- 
venteen  with  which  which  w^e  are  Well  ac- 
quainted, and  this  number  will  probably  be 
lfill  farther  increafed  by  new  refearches,  I 
fhall  divide  this  genus  into  five  fedtions  : in 
the  firft  I fhall  comprife  brittle  and  acidifiable 
metals,  of  which  there  are  three,  arfenic, 
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tungften,  and  molybdasna  : in  the  fecond 
I /hall  rank  thole  which  are  brittle,  and 
(imply  capable  of  oxydation,  of  which  I 
reckon  five  fpecies,  cobalt,  bifmuth,  nickel, 
inanganefe,  and  antimony  : the  third  fec- 
tion  will  include  the  femi-du&ile  and  oxv- 

j 

dable,  of  which  there  are  two,  zinc,  and 
mercury : the  fourth  fe&ion  will  be  af- 
figned  to  fuch  metals  as  are  perfectly  duc- 
tile, and  eahly  oxydable,  which  are  tin,  lead, 
iron,  and  copper  : and  the  fifth  will  com- 
prehend thofe  that  are  perfectly  duftile,  but 

oxydable  with  difficulty,  which  are  filver, 
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gold,  and  platina.  As  the  ninth  chapter 
is  referved  for  the  mofl:  important  chemical 
properties  of  metals,  it  will  be  fufficient 
here  to  exhibit  briefly  fome  fpecific  differ- 
ences of  each  of  thefe  bodies ; obferving, 
that  the  appellations  of  Je  mi  •met  ah , vnper- 
JeB  metals , and  perfeEl  met als , manifeftly 
originating  from  the  erroneous  ideas  of  al- 
chemy, ought  to  be  difcarded  from  the  lan- 
guage of  a fcience,  that  has  any  pretenfion 
to  accuracy. 


A.  Arfenig 
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A.  Arfenic  is  lamellated,  of  a bluifh  gray 
colour,  brilliant,  and  fragile ; and  burns 
with  a blue  flame,  and  a fmell  refembling 
that  of  garlic. 

B.  Tungften  is  of  a gray  white  colour, 
granulated,  friable,  almoft  infufible,  and 
fcarcely  foluble  in  acids,  though  extremely 
oxydable  and  acidifiable  by  the  operation  of 
air  and  caloric. 

C.  Molybdasna  is  in  the  hate  of  powder, 
or  grains,  blackifh,  lhining,  agglutinated, 
fragile,  very  little  fufible,  and  by  burning 
becomes  a white,  volatile,  prifmatic,  and 
acidifiable  oxyd. 

D.  Cobalt  is  granulous,  fine,  of  a rofy 
white  colour,  fragile,  pulverable,  difficult 

of  fulion,  and  becomes  blue  when  melted 

\ 

with  glafs. 

E.  Bifmuth  is  in  large  laminae,  of  a yel- 
lowifh  white,  brittle,  eafily  fufible,  very 
cryftallisable,  and  extremely  oxydable. 

F.  Nickel 
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F.  Nickel  is  gray,  granulous,  hard,  a little 
fragile,  extremely  difficult  to  fule,  and  affords 
a green  oxyd  by  means  of  caloric  and  air. 

t , 

G.  Manganefe  is  of  a gray  white  colour 
and  fine  grain,  brittle,  very  difficult  to 
fufe,  and  of  all  metals  the  mod  combuflible 
in  the  air  alone,  fo  that  it  changes  colour 
immediately  on  expofure  to  it,  and  is  re- 
duced to  a black  duff  in  the  courfe  of  a 
few  days.  It  ffiould  be  kept  underneath 
alcohol,  or  oil,  to  prevent  it  from  burning. 

H.  Antimony  is  of  a pure  white,  in 
large  lamina?,  brittle,  hard  to  fufe,  and 
fublimes  on  combuffion  in  the  air  into  a 
white,  cry  flail  ized  oxyd,  which  alrnoff  adds 
the  part  of  an  acid  in  uniting  with  alkalies. 

I.  Zinc  is  of  a blue  white  colour,  in 
large  lamina?,  femi-fragile,  in  fome  degree 
malleable,  eafy  to  fufe,  the  moff  inflam- 
mable of  metals,  burning  when  red  hot 
with  a beautiful  yellowiffi  white  flame,  and 
powerfully  decompofing  water. 

K.  Mercury 
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K.  Mercury  is  fulible  at  300  below  o 
of  Reaumur’s  thermometer,  and  congeals 
at  310,  becomes  a black  oxyd  (czthiops  per 
fe)  by  mere  divifion,  or  is  extinguished  by 
this  fimple  procefs  in  every  vifcous  or  con- 
fident matter  with  which  it  is  triturated. 

1 
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• L.  Tin  is  of  a „ brilliant  white  colour, 
foft,  light,  little  fonorous,  capable  of  being 
icratehed  by  the  nail,  very  fufible,  very 
combuftible,  and  affords  a white  oxyd, 
which  deftroys  the  tranfparency  of  glafs, 
and  converts  it  into  enamel. 

M.  Lead  is  of  a dull  bluifh  colour, 
heavy,  foft,  extremely  fufible,  and  affords 
an  oxyd  the  mod  vitrifiable  of  all  we  know, 
and  a glafs  of  a yellow  hue  refembling  that 
of  a topaz. 

N.  Iron  is  white,  fibrous,  the  mod  te- 
nacious of  metals,  very  difficult  to  fufe, 
very  combufiible,  and  the  only  metal  at- 
tracted by  the  magnet.  It  readily  decom- 
pofes  water,  changes  to  a powder  in  the 

air. 
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Air,  unites  with  carbon,  which  converts  it 
into  flee],  and  is  the  only  metal  any  way 
abundant  in  the  two  organic  kingdoms, 

O.  Copper  is  of  a fine  fhining  red,  very 
foft  and  dudile,  odorate,  and  poifonous.  It 
burns  with  a green  flame,  and  affords  brown* 
blue,  and  green  oxvds,  the  lad:  of  which  is 
formed  in  damp  air. 

P.  Silver  is  of  a pure  and  brilliant  white, 
deftitute  of  fmell  and  tafte,  very  dudile,  not 
oxydable  by  caloric  and  air,  burning  with  a 
greenifh  flame  by  the  electric  fhock,  grow- 
ing black  from  the  fumes  of  fulphur,  un- 
alterable by  the  air  alone. 

Gold  is  of  a fine  brilliant  yellow, 
extremely  dudile,  lefs  combuftible  and  lefs 
oxydable  than  diver,  and  even  flill  lefs  alter- 
able than  it  by  the  con  tad  of  air.  It 
is  convertible  into  a fine  purple  oxyd  by  the 
eledric  fhock. 


R.  Platina 
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R.  Platina  is  the  heaviefl,  moil  infufible> 
leall;  combuflible,  and  leaft  alterable  of  all 
metals.  It  is  of  a gray  white  colour,  pofleTes 
little  brilliancy,  and  will  at  fome  future 
period  become  one  of  the  moil  valuable 
inftruments  of  the  arts. 

X.  Compound  combuflible  bodies  are  all 
filch  as  refult  from  a combination  of  fome 
of  the  preceding  ones  : thus  the  folutions  of 
fulphur,  carbon,  pholphorus,  and  arfenic, 
in  hydrogen  gas,  are  inflammable  gafes : and 
the  combinations  of  fulphur  with  phof- 
phorus,  of  carbon  with  iron,  of  different 
metals  with  fulphur,  phofphorus,  and  each 
other,  are  compound  boaies.  Such  are  al- 
mofl  all  the  combuilibles  we  meet  with  in 
nature  : it  is  the  province  of  art  to  fepa- 
rate  them  from  each  other,  and  exhibit  them 
pure  and  ifolated. 

XI.  When  we  compare  the  properties  of 
compound  combuflible  bodies  with  thofe  of 
fimple  combuilibles,  we  perceive,  that  the 
former  fometimes  abforb  oxygen  with  more 
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avidity  than  if  they  were  alone,  as  many  me- 
tallic fulphures,  and  alloys  ; at  other  times, 
on  the  contrary,  we  find  them  lefs  ready  to 
burn,  on  account  of  the  ftrong  attraction 
they  poffefs  for  each  other,  which  is  the  cafe 
in  general  with  phofphorated  metals. 
There  are  even  fome  that  are  long  unalter- 
able in  the  air,  appearing  to  have  loft  by 
their  intimate  combination  the  property  of 
being  combuftible,  which  they  exert  only 
when  ftrongly  heated  ; as  the  carbure  of 
iron,  which  is  even  employed  with  fome 
fuccefs  to  prevent  iron  from  contracting 
ruft. 

XII.  Hydrogen  and  carbon,  very  inti- 
mately united  together  in  the  capillary  tubes 
of  vegetables,  and  frequently  containing 
fmall  portions  of  earths,  alkalies,  acids,  and 
efpecially  oxygen,  from  bitumens,  oils,  and 
refins,  which,  though  they  have  a tendency 
to  burn  and  feparate,  preferve  fome  time  the 
equilibrium  of  their  combination,  till  a 
rapid  increale  of  temperature,  accompanied 
with  the  contaCt  of  air  or  water,  puts  an 
end  to  this  equilibrium,  by  ifolating  their 
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elements,  and  uniting  them  feparately  with 
oxygen.  Accordingly  the  products  of  thefe 
compound  combuftibles  are  univerfally  water 
and  carbonic  acid.  It  is  the  fame  with  alco- 
hol, and  with  ether,  formed  by  modifica- 
tions of  the  principles  of  vegetable  matter, 
which,  in  their  ultimate  analyfis,  are  no- 
thing elfe  than  combinations  of  hydrogen 
and  carbon  with  more  or  lefs  oxygen  and 
water.  See  Chapters  X,  XI,  XII. 

XIII.  This  exhibition  of  the  different  fpe- 
cies  of  combuftible  bodies,  and  their  principal 
charaCteriftic  properties,  fliows  the  part  they 
aft  in  the  phenomena  of  the  globe.  It 
authorizes  us  to  divide  almolf  all  the  pro- 
ductions of  nature  into  two  grand  clafles, 
one  of  combuftible  bodies,  the  other  of 
bodies  already  burnt  : in  the  mafles  and 
aCtion  of  the  former  we  difcern  the  caufes  of 
inflammable  meteors,  partial  heat,  volca- 

noes, the  perpetual  alterations  of  the  fur- 
face  of  the  earth,  &c. ; in  the  exiftence  of 
the  latter,  we  perceive  the  fource  of  the 
number  and  diverfity  of  acids,  faline  com- 
pounds, oxyds,  and  metallic  falls,  which 
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vary  in  a thoufand  ways  the  appearance 
of  ores,  their  reciprocal  decompof  tion,  and 
their  alterations  by  the  adlion  of  water,  air, 
and  light ; in  fine,  we  difcover  in  vegetables 
machines  which  nature  has  organized  for 
the  purpofe  of  intimately  combining  feveral 
of  thefe  fubftances  with  each  other,  in 
order  to  form  compounds  more  fubfervient 
to  it’s  grand  defigns,  as  they  are  lefs  durable 
and  permanent. 


Applications  of  the  Propoftions  in  this 

Chapter. 

The  circumflantial  hiflory  of  the  com- 
bullion  of  each  combuflible  fubflance 
in  particular. 

The  hiflory  of  foils  impregnated  with 
fulphur,  and  of  native  fulphuric  acid. 

The  phenomena  of  natural  inflammable 
gales  in  quarries,  mines,  the  atmo- 
fphere,  &c. 

The  properties  of  earthy,  alkaline,  and 
metallic  fulphures. 
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The  converfion  of  fulphures  into  ful- 
phits  and  fulphats  by  the  aCtion  of 
air  and  water. 

The  properties,  extraction,  and  combi- 
nations of  phofphorus  : metallic 
phofphures. 

The  exiftence  of  native  metallic  car- 
bares. 

The  phenomena  depending  on  the  den- 
fity,  weight,  duCtility,  and  fuiibility 
of  metals. 

The  properties  and  ufes  of  alloys. 

The  formation  of  fecondary  ores,  from 
native  metallic  (alts. 

Volcanoes,  and  fulpharous  and  thermal 
waters. 

Bitumens  ; the  comparifon  of  fulphur, 
carbon  and  limple  combudible  bodies, 
with  oils,  &c.,  &c. 
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CHAP.  vir. 

THE  FORMATION  AND  DECOMPOSITION 

OF  ACIDS. 

1.  Since  all  acids  refemble  each  other  in 
their  tafte,  their  manner  of  giving  a red 
colour  to  vegetable  fubftances,  their  ten- 
dency to  combine  with  earths,  alkalies,  and 
metallic  oxyds,  and  their  property  of  attract- 
ing and  being  attracted  powerfully,  it  was 
natural  to  prefume,  as  Newton  obferved, 
that  they  likewile  refembled  each  other  in 
their  intimate  nature,  and  poffelled  fome 
homogeneal  principle  : and  chemical  analy- 
lis,  by  the  help  of  the  new  means  it  has  in  it’s 
power  to  employ,  has  eftablifhed  this  as  a 
truth  beyond  the  poffibility  of  doubt. 

31.  As  every  acid  contains  oxygen,  and 
lofes  it’s  acidity  exaCtly  in  proportion  as  it 
is  deprived  of  this  principle,  we  ought  to 
confider  acids  as  burnt  or  oxygenated 
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fubftances,  which  are  akin  to  each  other 
from  the  prefence  of  the  acidifying  prin- 
ciple. 

III.  There  are  two  methods  of  acquiring 
a knowledge  of  the  nature  of  acids  : one 
by  forming  them,  by  compoling  them 
from  their  conflituent  parts,  in  uniting 
with  oxygen  fuch  fubffances  as  are  capable 
of  becoming  acid  by  an  union  with  it : the 
other,  by  decompoling  them,  by  unburning 
them,  in  depriving  them  of  their  oxygen 
by  the  aid  of  fublfances  with  which  this 
principle  has  great  affinity. 

IV.  Conlidered  in  the  laft  mentioned  view, 
all  known  acids  may  be  divided  into  three 
clafles,  namely,  ift,  thofe  which  may  be 
both  compofed  and  decompofed,  of  which 
our  knowledge  is  rnofl  complete : 2dly, 
thole  which  we  can  only  compofe,  being 
incapable  of  decom poling  them  ; and  with 
thefe  alfo  we  are  well  acquainted  : 3 diy, 
thofe  which  have  never  yet  been  either  com- 
pofed, or  decompofed ; the  nature  of  which 
remains  altogether  unknown. 
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V.  Since,  out  of  thirty  known  fpecies  of 
acids,  as  there  are  but  three,  ftriCtly  fpeaking, 
which  are  in  the  laft  predicament,  or  which 
we  can  neither  compofe  nor  decompofe,  fo 
that  we  are  neceffarily  ignorant  of  their 
nature,  there  is  no  reafon  why  we  (hould 
not  regard  fubftances  of  this  kind  as  accu- 
rately  difcriminated,  and  contemplate  their 
general  properties  and  compofition. 

VI.  All  acids  being  compounds  of  oxygen 
with  different  fubftances,  the  former  princi- 
ple is  the  caufe  of  their  refemhlance  and 
common  properties;  the  latter,  being  diffe- 
rent in  each,  may  ferve  to  characterize  each 
in  particular.  For  this  reafon,  thofe  mat- 
ters which  are  variable  in  acids  are  termed 
their  radicals , or  acidijiable  principles. 

VII.  Thus  all  acids  are  combinations  of 
radicals,  or  acidifiable  fubftances,  different 
in  each  fpecies,  with  oxygen,  W'hich  is  the 
fame  in  all:  whence  it  follows,  that  their 
common  properties,  their  characters  as  acids, 
depend  on  oxygen ; their  particular  proper- 
ties, 
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ties,  their  fpecific  characters,  arife  from  their 
radicals. 

VIII.  The  word  acid,  indicating  the 
general  and  identical  nature  of  thefe  fub- 
ftances,  forms  their  generical  name,  while 
the  particular  name  of  the  radical  contained 
in  each  may  with  propriety  defignate  each 
particular  acid.  Thus  fulphur  is  the  ra- 
dical of  the  acid  we  name  fulpburic , phof- 
phorus  that  of  the  pbofpboric , carbon  that  of 
the  carbonic , and  fo  on. 

IX.  Though  this  nomenclature  enjoys 
the  advantage  of  expreffing  the  nature  of 
each  acid,  we  are  unable  to  employ  it  for  all, 
becaufe  the  radicals  offome  are  unknown,  and 
thofe  of  others  are  themfelves  compounded 
of  feveral  principles,  and  would  confequently 
require  too  complicated  appellations. 

% 

X.  Acidifiable  radicals  may  contain  diffe- 
rent quantities  of  oxygen,  and  under  this 
point  of  view  they  poffefs  two  dates  of 
acidity.  The  fir  ft  is  that,  in  which  they 
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contain  the  leaft  poffible  quantity  of  oxygen 
to  render  them  acid.  In  this  their  acidity 
is  commonly  weak,  and  they  adhere  but 
feebly  to  the  bafes  with  which  they  are 
capable  of  forming  falts.  The  modern  me- 
thodical nomenclature  defignates  this  date  of 
combination  and  acidity,  by  giving  the 
names  of  thefe  weak  acids  the  termination 
ous.  Thus  we  fay  the  fulphurous,  nitrous, 
phofphorous,  or  acetous  acid.  The  fecond 
ftate  of  acids  is  that,  in  which  they  contain 
more  oxygen,  and  in  general  are  completely 
faturated  with  it.  In  this  they  have  all  the 
Ifrength  and  attraction  they  are  capable  of 
poffeding  as  acids,  and  the  modern  nomen- 
clature exprefles  it  by  the  termination  ic. 
Thus  we  fay  the  lulphuric,  nitric,  phofpho- 
ric,  or  acetic  acid. 

XI.  With  regard  to  the  proportion  of 
oxygen  united  to  acidifiable  radicals,  ftill 
greater  latitude  may  be  given  to  the  confide- 
rations  prefented  in  the  foregoing  paragraph. 
Each  radical  may  be  contemplated  in  four 
flates:  ift,  containing  very  little  oxygen, 
1 not 
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not  fufficient  to  impart  to  it  the  nature  of 
an  acid,  and  in  this  it  is  nothing  more  than 
an  oxyd : fuch  is  fulphur  coloured  red  or 
brown,  by  expofure  to  the  air,  and  a degree 
of  heat  inadequate  to  produce  inflammation ; 
when  it  is  oxyd  of  fulphur  : 2dly,  contain- 
ing more  oxygen  than  in  the  preceding 
cafe,  and  enough  to  become  an  acid,  though 
weak;  as  in  the  fulphurous  acid:  3dly, 

poflefling  flill  more  oxygen  than  in  the 
lecond  inftance,  and  having  acquired  power- 
ful acid  properties:  fuch  is  the  fulphuric 
acid:  4thly,  conjoined  with  a larger  dofe  of 
oxygen  than  is  neceflary  to  conftitute  a 
powerful  acid,  an  acid  in  ic ; when  it  is 
termed  an  oxygenated  acid,  or  even  fuperoxy- 
genated. 

XII.  From  the  confiderations  above  enu- 
merated it  follows,  that  we  have  two  modes 
of  forming  at  will  acids  with  different  pro- 
portions of  oxygen.  One  is,  to  combine  the 
radicals  with  fuch  determinate  quantities  of 
oxygen  as  are  neceflary  to  convert  them  into 
the  Hate  required,  as  is  done  with  fulphur, 

phot- 
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phofphorus,  or  arfenic:  the  other  to  extract 
from  acids  containing  the  greatefl  poflible 
quantity  of  oxygen  different  proportions  of 
this  principle,  by  means  of  combuflible 
fubflances  which  abforb  it  with  great  avidity. 

XIII.  The  latter  method,  founded  on  the 
affinity  of  oxygen  for  different  combuflible 
fubflances,  is  frequently  employed  with 
fuccefs  for  the  complete  decompofition  of 
acids,  by  depriving  them  of  all  the  oxygen 
they  contain.  It  is  in  this  way,  that 
acids  inflame  combuflible  fubflances.  To 
produce  this  effedt  it  is  fufficient,  that  the 
acids  employed  do  not  contain  oxygen  in  a 
Hate  of  folidity,  and  that  the  inflammable 
matter  brought  into  contadl  with  it  will 
abforb  it  in  a more  folid  flate  than  that  in 
which  it  fubfifls  in  the  acid.  But  thefe 
conditions  being  requ-ifite,  inflammation  by 
no  means  takes  place  in  all  decompofitions 
of  acids  by  combuilible  fubflances. 

% 

XIV.  Hot  charcoal  is  fuccefsfully  ufed  to 
decompofe  all  acids  fufceptible  of  decompo- 
fition i 
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iition  5 but  it  is  not  the  only  combuftible 
fubftance,  that  will  anfwer  the  purpofe;  for 
moft  metals,  phofphorus,  fulphur,  and  hy- 
drogen in  a dry  and  lolid  ftate,  as  it  exifts  in 
vegetable  compounds,  poftefs  the  fame  pro- 
perty. 

XV.  All  the  acids,  the  fpecific  nature  of 
which  is  owing  to  their  particular  radicals, 
as  has  been  already  faid,  may  be  divided  into 
four  clafies,  according  to  the  nature  of  their 
bafes  being  known  or  unknown,  fimple  or 

, i 

compound. 

A . The  fi r ft  clafs  incl  u des  ac ids  w i t h kno wn 
and  fimple  radicals,  or  ftich  as  are  formed 
by  the  union  of  indecompofable  combuftible 
fubftances  with  oxygen.  It’s  fpecies  are  the 
following : fulphuric  acid,  nitric  acid,  car- 
bonic acid,  phofphorrc  acid,  arfenic  acid, 
tungftenic  acid,  and  molybdenic  acid. 

B.  The  fecond  clafs  comprifes  acids  with 
radicals  that  are  unknown,  but  ftrongly  fuf- 
pected  of  being  fimple.  In  it  may  be 
2 reckoned 
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reckoned  the  muriatic  acid,  fluoric  acid,  and 
boracic  acid. 

C.  In  the  third  clafs  I rank  acids  with 
binary  compound  radicals.  Such  are  all  the 
vegetable  acids,  the  common  radical  of 
which  is  a compound  of  hydrogen  and  car- 
bon. In  this  clafs  the  fuccinic  acid  fhould 
alfo  be  placed. 

D.  To  the  fourth  clafs  belong  all  acids 
of  which  the  radicals  are  at  leafl:  triple  com- 
pounds. In  this  are  comprehended  the  ani- 
mal acids,  the  radicals  of  which  are  combi- 
nations of  carbon,  hydrogen,  and  azot. 

XVI.  Not  only  is  each  of  the  clafles  in 
the  preceding  fetion  diftinguifhable  by  ge- 
neral characters  inherent  in  it,  but  each  in- 
dividual acid  alfo  poflefies  properties,  by 
which  it  is  characterized,  and  which  pre- 
vent it's  being  confounded  with  any  other. 
And  thefe  properties  may  even  be  denoted 
by  Ample  and  eafy  expreflions,  by  phrafes 
flmilar  to  thofe,  which  naturalifls  have 

learnt 
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learnt  from  Linne  to  employ.  A fketch  of 
this  method  will  be  exhibited  in  the  fol- 
lowing feCtions. 

XVII.  All  acids  with  fimple  and  known 
radicals  are  capable  of  being  decompofed  by 
combuflible  bodies,  which  they  burn  with 
more  or  lefs  rapidity,  and  are  thus  reduced 
to  their  radicals.  It  is  even  by  means  of 
this  decompofition,  that  the  nature  of  their 
radicals  becomes  known.  We  can  alfo  form 
them  from  their  conftituent  principles,  by 
uniting  their  radicals  with  oxygen. 

Acids  with  unknown  radicals,  which  arc 
fufpeCted  of  being  fimple  fubftances  from 
ftrong  analogy,  have  no  other  clafiic  cha- 
racter than  thofe  of  being  infufceptible  of 
decompofition  by  means  of  combuftible  fub- 
fiances,  and  incapable  of  being  formed  by 
art. 

Acids  with  binary  radicals,  or  vegetable 
acids,  are  diftinguifhable  by  the  following 
characters,  i.  They  are  all  decompofable 

by 
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by  a ftrong  fire  and  a fufficient  addition  of 
oxygen.  2.  In  this  decompofition  they  af- 
ford water  and  carbonic  acid,  formed  by 
the  disjunction  of  their  hydrogen  and  car- 
bon, each  of  which  unites  feparately  with 
a portion  of  the  oxygen.  3.  They  are  de- 
compofed  ipontaneoufly  and  flowly  in  a tem- 
perature above  53°,  if  difiblved  in  water. 
4.  They  cannot  be  decompofed  by  any 
known  combuftible  body,  their  radical  being 
compounded  of  two  fubftances  which  have 
the  ftrongeft:  attraction  for  oxygen  of  any 
with  which  we  are  acquainted.  5.  They 
are  convertible  into  each  other ; which  is 
owing  to  the  difference  between  them  con- 
lifiing  folely  in  the  proportion  of  their  three 
conftituent  principles. 

1 

Acids  with  ternary  radicals,  and  thofe 
which  are  Rill  more  compound,  or  animal 
acids,  though  the  lead;  known  of  all,  poffefs 
fome  properties  which  may  be  deemed  claflic 
characters.  Such  are  thofe  of  affording  am- 
moniac when  decompofed  by  fire,  and  fur- 

# 
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nilhing  pruffic  acid  on  the  proportion  of 
their  principles  being  changed. 

XVIII.  To  thefe  claffic  charaders  their 
fpecific  charaders  mud  be  added,  attempting 
a language  analogous  to  that  of  the  botanift 
and  zoographer. 


Acids  Gf  the  firft  clafs,  or  with  fimple  and 
known  radicals . 

A.  Sulphuric  acid,  formed  of  fulphur 
and  oxygen  by  the  combuftion  of  fulphur,. 
inodorous,  twice  as  heavy  as  water,  very 
cauftic,  lefs  volatile  than  water,  affording 
fulphurous  acid  gas  and  fulphur  on  being 
decompofed  by  red-hot  charcoal,  metals, 
&c.,  and  forming  fulphats  with  earths,  al- 
kalies, and  metallic  oxyds. 

B.  Sulphurous  acid,  having  a powerful 
fmell,  very  volatile,  gafeous,  deftrudive  of 
blue  vegetable  colours  and  removing  ftains 
produced  by  thefe  colours  on  white,  gra- 
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dually  attracting  oxygen  from  the  air,  and 
feveral  acids  or  oxyds,  and  forming  fulphits 
with  earthy  or  alkaline  bafes. 

C.  Nitric  acid,  liquid,  white,  cauflic,  of 
a ftrong  and  naufeous  fmell,  formed  of  azot 
and  oxygen,  inflaming  fulphur,  charcoal* 
zinc,  tin,  and  oils,  yielding  to  combuflible 
bodies  various  portions  of  oxygen,  and  thus 
giving  birth  to  nitrous  acid,  nitrous  gas,  or 
nitrous  oxyd,  deftroying  colours,  burning 
and  turning  yellow  vegetable  and  animal 
fubftances,  converting  them  into  acids,  de- 
compoling  ammoniac,  produced  by  putre- 
fying animal  matter,  forming  nitrats  with 
earths  and  alkalies,  remaining  flightly  united 
with  metallic  oxyds,  and  tending  to  acidify 
them. 

D.  Nitrous  acid,  the  fame  as  nitric  acid 
except  in  having  a fmaller  portion  of  oxygen, 
red  or  orange  coloured  in  the  hate  of  gas* 
very  volatile,  depriving  vegetables  of  colour, 
becoming  blue  and  green  on  the  addition  of 
water,  turning  yellow  nitric  acid  to  which 
it  is  united  in  different  proportions,  yielding 

J 
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nitrous  gas  on  the  contact  of  combuHible 
fubHances,  and  forming  nit r its  with  earths 
and  alkalies. 

E.  Carbonic  acid,  formed  of  twenty-eight 
parts  of  carbon  with  feventy-two  of  oxygen, 
a gas  heavier  than  air  and  difplacing  it,  filing 
fubterraneous  cavities,  difengaging  itfelf  from 
liquors  in  a Hate  of  vinous  fermentation,  ex- 
tinguiihing  lighted  candles,  killing  animals, 
reddening  only  light  vegetable  blues,  precipi- 
tating chalk  from  lime-water,  re-dilfolving 
the  chalk  in  the  water,  mineralizing  acidu- 
lous waters,  baryt,  lime,  copper,  "iron,  and 
lead,  in  quarries  and  mines,  forming  carbonats 
with  earths,  alkalies,  and  metallic  oxyds, 
decompofable  by  phofphorus  alone,  and 
when  it  is  united  to  alkaline  bafes,  particu- 
larly foda  in  the  Hate  of  carbonat. 

t p ' 

F.  Phofphoric  acid,  compofed  of  phof- 
phorus and  oxygen  united  by  rapid  and 
complete  combuHion,  liquid,  denfe,  or  fo- 
lid,  vitrifiable  by  means  of  fire^  dilfolving 
filexin  the  adtof  vitrification,  decompofable 
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by  carbon  which  reftores  it  to  the  flate  of 
phofphorus,  and  forming  phofphats  with 
earths,  alkalies,  and  metallic  oxyds. 

G.  Phofphorous  acid,  differing  from  the 
phofphoric  only  in  containing  lefs  oxygen, 
volatile,  odorous,  eliciting  oxygen  from  va- 
rious bodies,  and  forming  phofphits  with 
dirthy,  alkaline,  and  metallic  bafes. 

H.  Arfenic  acid,  formed  of  the  metal 
called  arfenic  and  oxygen*,  fixed,  fufible 
into  a gl^fs,  decompofable  by  means  of  a 
large  quantity  of  light  and  caloric,  as  well 
as  by  feveral  combuflible  fubftances,  and 
forming  arfeniats  with  earths,  alkalies,  and 
metallic  oxyds.  Oxyd  of  arfenic,  being  alfo 
capable  of  uniting  with  thefe  bafes,  may  be 
confidered  as  a fort  of  arfenious  acid. 

I.  Tungflenic  acid,  compofed  of  the  metal 
called  tungften  and  oxygen,  a white  or  yel- 

* Combuftion  reduces  arfenic  to  an  oxyd  only;  nitric  acid, 
or  oxygenated  muriatic  acid,  adds  to  this  oxyd  the  quantity 
oi  oxygen  neccffary  to  convert  it  into  arfenic  acid. 
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lowifti  powder,  fixed,  infufible,  difficultly 
foluble,  reducible  to  tungften  by  means  of  - 
hydrogen,  carbon,  &c.,  forming  the  native 
tungftat  of  lime  called  lapis  ponderofus , 
and  the  native  tungftat  of  iron,  or  wolfram 
of  mineralogifts. 

K.  Molybdenic  acid,  compofed  of  the  metal 
named  molybdena  and  oxygen,  of  a rough 
tafte,  metallic  like  the  two  preceding  fpecies, 
in  a white  powder,  becoming  blue  on  the 
contact  of  fuch  fubftances  as  reduce  it,  and 
in  confequence  of  the  lofs  of  oxygen  return- 
ing to  the  ftate  of  molybdena. 

Acids  of  the  fecond  clafs,  or  with  unknown 

radicals . 

XIX.  There  are  three  acids,  the  radicals 
of  which  are  unknown,  though  fufpedted  to 
be  fimple : the  muriatic,  fluoric,  and  bo- 
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A.  Muriatic  acid,  gafeous  or  fluid,  of  a 
pungent  fmell,  unalterable  by  any  known 
combuftible  fubftance,  on  the  contrary  at- 
tracting oxygen  from  feveral  burnt  bodies, 
particularly  from  metallic  oxyds,  and  thus 
becoming  oxygenated  muriatic  acid . The 
oxygenated  muriatic  acid  is  remarkable  for 
it’s  greenilh  yellow  colour,  it’s  aCtion  on 
the  organs  of  animals  which  it  thickens  and 
contracts,  it’s  properties  of  diverting  vege- 
table fubrtances  of  colour,  burning  and  in- 
flaming molt  comburtible  fubrtances,  and 
forming  with  potafli  a fait,  which  rapidly 
fets  fire  to  heated  inflammable  fubrtances, 
and  affords  the  pureft  vital  air  known. 

i * 
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B.  Fluoric  acid,  gafeous,  forming  a very 
thick  white  vapour  in  the  air,  corroding 
glafs,  diffolving  filiceous  earth,  and  forming 
with  this  earth  a permanent  gas,  from  which 
water  feparates  a part  of  the  Alex. 

* 

C.  Boracic  acid,  dry,  cryrtallifed  in  hexae- 
dral  laminae,  fufible  into  a glafs,  poflefling 

little 
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little  tafte,  difficultly  foluble,  melting  with 
file*,  having  very  feeble  affimttes,  an  re- 
figning  earthy  or  alkaline  bafes  to  almoil 

all  other  acids. 


Acids  of  the  third  clafs,  or  'with  binary  «- 

die  a Is. 

XX.  Acids  with  binary  mixed  or  com- 
pound radicals  belong  particularly  to  the 
vegetable  kingdom,  and  are  formed  by  the 
union  of  carbonated  hydrogen  or  hydroge- 
nated carbon  with  oxygen  in  different  pro- 
portions, which  accounts,  as  has  already 
been  faid,  for  their  reciprocal  converfron 
■ into  each  other.  Thefe  acids  being  pretty 
numerous,  and  capable  of  becoming  > 
more  fo  by  daily  difeovenes,  I haved.vi 
them  into  five  genera,  in  which  I have  re- 
gard to  their  nature  and  formation, 
firft  genus  includes  the  pure  acids  formed 
in  vegetables,  reckoning  amongft  thefe  e 
fuccinic  acid,  which  is  manifeftly  of  vege- 
table origin.  In  this  there  are  five  fpec.es^ 
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the  fuccinic,  citric,  gallic,  malic,  and  ben- 
zoic acids.  The  fecond  comprifes  vege- 
table  acids  perfectly  formed,  but  partly 
faturated  with  potafli.  Of  thefe,  which  are 
termed  acidules,  there  are  two  ipecies,  the 
tartarous  and  oxalic.  In  the  third  genus  I 
clafs  the  particular  acids  formed  by  the 
agency  of  the  nitric  acid,  and  the  precipi- 
tation of  it’s  oxygen  upon  vegetable  fub- 
Hances.  We  have  yet  but  one  diftinCt 
fpecies  in  this  genus,  the  camphoric  acid ; 
though  the  oxalic  and  malic  acids  are  fre- 
quently formed  by  treating  vegetable  fub- 
flances  with  the  nitric  acid.  In  the  fourth 
genus  I place  the  acids  formed  in  vegetables 
treated  with  fire.  Such  are  the  pyromucous, 
pyroligneous,  and  pyrotartarous  acids.  The 
fifth  genus  comprehends  vegetable  acids  pro- 
duced by  fermentation,  of  which  we  are 
acquainted  with  only  one,  the  acetous.  The 
following  are  the  fpecific  characters  of  the 
twelve  acids  here  enumerated. 

A.  Succinic  acid,  difengaged  and  fub- 
limed  from  heated  amber,  of  a ftrong  bitu- 
minous 
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minous  fmell,  oleaginous  and  inflammable, 
volatile,  cryftallizable  in  the  fhape  of  need- 
les, forming  permanent  cryftallizable  falts, 
particularly  with  metallic  oxyds,  and  ad- 
hering more  forcibly  to  the  three  alkaline 
earths  than  to  alkalies. 

B.  Citric  acid,  cryftallizable  in  rhomboi- 
dal  lamina?,  not  convertible  into  oxalic  acid 
by  means  of  the  nitric,  having  more  affinity 
to  eaiths  than  to  alkalies,  and  fpontaneoufly 
decompofable  in  water  and  by  the  acftion  of 
fire. 

C.  Gallic  acid,  abounding  in  galls,  cry- 
ftallifed  in  little  gray  or  yellowifti  needles, 
ftyptic,  precipitating  iron  black  from  it’s  fo- 
lutions,  reducing  metallic  oxyds  united  to 
other  acids,  and  convertible  into  oxalic  acid 
by  means  of  the  nitric. 

D.  Malic  acid,  abounding  in  apples,  not 
cryftallizable,  convertible  into  oxalic  acid 
by  means  of  the  nitric,  and  forming  at  the 
fame  time  with  the  malic  acid,  and  even  be- 
fore it,  in  vegetables  treated  by  the  nitric 
acid. 


E,  Ben- 
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E.  Benzoic  acid,  obtained  from  benzoin, 
ftorax,  balfam  of  Peru,  vanilla,  and  cinna- 
mon, by  means  of  heat,  cryftallizable  into' 
comprefted  prilms,  of  an  aromatic  fmell 
when  warmed,  fulible  by  a gentle  fire,  vo- 
latile, inflammable,  little  foluble  in  water, 
foluble  in  the  nitric  acid,  but  not  dccom- 
pofable  by  it. 

F.  Tartarous  acidule,  formed  of  tartarous 
acid  partly  faturated  with  potath,  exifiing 
in  wine,  cryftallizable,  decompofable  by 
fire,  affording  a confiderable  quantity  of  car- 
bonic acid  and  oil,  and  leaving  behind  much 
carbon  at  of  potafh,  yielding  alio  on  tiiiliila- 
*ion  pyrotartarous  acid,  little  foluble,  de- 
compofable in  Water,  forming  triple  falts 
with  alkalies  and  metallic  oxyds,  and  be- 
coming very  foluble  by  the  addition  of  borax 
or  boracic  acid.  "1  he  tartarous  acid,  oo- 
tained  from  the  acidule,  is  cryftallizable  in 
needles  interwoven  amongft  each  other,  un- 
alterable in  the  air,  very  foluble,  forming 
anew  the  acidule  by  the  addition  of  a little 
potafh,  decompofing  the  fulphats,  nitrats, 

and 
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and  muriats  of  potath  and  foda,  till  they  re- 
ciprocally form  acidules,  and  convertible  into 
oxalic  acid  by  means  of  the  nitric. 

G.  Oxalic  acidule,  formed  of  oxalic  acid 
partly  faturated  with  potafh,  extracted  from 
the  juice  of  forrel,  cryftallized  in  paral- 
lelepipeds, little  decompofable  by  fire,  af- 
fording ho  oil,  little  foluble,  and  forming 
triple  lalts  with  earths  and  alkalies.  The 
oxalic  acid  extracted  from  it  is  very  foluble, 
and  very  cryftallizable,  attracts  lime  from  all 
other  acids,  perfectly  refembles  that  which  is 
formed  from  all  vegetable  fubftances  by  the 
contact  of  nitric  acid,  and  is  the  leaft  de- 
compofable and  molt  oxygenated  of  the  ve- 
getable acids. 

H.  Camphoric  acid,  produced  by  diftil— 
ling  camphor  with  nitric  acid,  cryftallizable 
in  parallelopipeds,  forming  perfectly  cryftal- 
lizable falts  with  earths  and  alkalies,  and  not 
attracting  lime  from  all  the  other  acids  as 
oxalic  acid  does.  This  acid  is  very  little 
known. 


I.  Py- 
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I.  Pyrotartarous  acid,  a modification  of 
the  tartarous  acid  produced  by  fire,  of  an 
empyreumatic  fmell,  and  burnt  colour,  very 
rarefiable  and  fwelling  up  greatly  with  ca- 
loric, not  cryftallizable,  and  forming  with 
earthy  and  alkaline  bafes  falts  different  from 
thofe  afforded  by  the  tartarous  acid.  With 
this  acid  we  are  but  little  acquainted. 

* 

K.  Pyromucous  acid,  formed  by  the 
diftillation  of  gums,  fugar,  or  feculae,  pof- 
feffing  very  powerfully  the  agreeable  fmell 
of  a lozenge,  volatile,  colouring  vegetable 
and  animal  fubftances  red,  and  decompofa- 
ble  by  a ftrong  fire.  This  alfo  is  little 
known. 

L.  Pyroligneous  acid,  extracted  from  wood 
by  diftillation,  of  a pungent  fetid  fmell,  not 
cryftallizable,  decompofable  by  a ftrong  fire, 
volatile,  forming  peculiar  falts  with  earths, 
alkalies,  and  metallic  oxyds,  and  having  par- 
ticular attractions  for  thefe  bafes,  but  in 
other  refpeCts  we  are  as  little  acquainted 
with  it  as  with  the  two  preceding  acids. 

M.  Acetous 
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M.  Acetous  acid,  formed  by  the  fermen- 
tation of  wine,  on  which  account  it  is  called 
vinegar,  of  an  agreeable  fmell  and  tafte, 
volatile  and  liquid,  decompofable  by  a ftrong 
fire,  capable  of  being  furcharged  with 
oxygen  when  diflilled  with  metallic  oxyds, 
and  thus  becoming  acetic  acid,  or  radical 
vinegar,  which  is  more  acrid  and  odorous 
than  the  acetous  acid,  inflammable,and 
mixed  with  alcohol. 


Acids  of  the  fourth  clafs , or  with  ternary 

radicals . 

i 

XXI.  Acids  with  ternary  compound 
radicals,  which  were  fpoken  of  above  as 
formed  in  general  of  carbon,  hydrogen,  and 
azot,  united  with  oxygen,  appertain  more 
efpecially  to  animal  fubftances.  With  thefe 
we  are  flill  lefs  acquainted  than  with  the 
preceding  acids : but  recalling  here  to  the 
reader’s  mind,  that  they  all  furniffi  ammo- 
niac on  being  decompofed  by  the  adtion  of 
fire,  and  pruffic  acid  on  a change  in  the  pro- 
portion of  their  principles,  I fhall  remark, 
that  the  pruffic  acid  feems  to  be  to  thefe 

acids 
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acids  in  general  what  the  oxalic  is  to  vege- 
table acids,  and  add,  that  on  converting 
animal  fubftances  into  oxalic  acid  by  the 
agency  of  nitric  acid,  pruffic  acid  is  con- 
flantly  formed  during  the  operation,  and 
evolved  in  the  hate  of  vapour. 

There  are  feven  animal  acids  known,  all 
of  which  appear  to  belong  to  this  clafs  of 
compounds,  namely,  the  Iadic,  faccholadic, 
iebacic,  lithic,  formic,  bombic,  and  pruffic 
acids.  In  each  let  us  feek  for  a few  cha- 
raderiftic  properties. 

A,  Ladic  acid,  formed,  with  a little 
acetous  acid,  in  milk  fpontaneoully  foured, 
not  cryflallizable,  loluble  in  alcohol,  afford- 
ing on  diflillation  an  acid  analogous  to  the 
pyrotartarous,  forming  deliquefcent  falts 
with  earthy  and  alkaline  bafes,  and  decom- 
pofing  alkaline  acetits. 

B.  Saccholadic  acid,  precipitating  as  a 
white  powder  from  oxalic  acid  formed  by 
fugar  of  milk  and  nitric  acid,  little  fapid, 

fcarcdy 
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fcarcely  at  all  foluble,  decompofable  by  fire, 
when  a fait  refembling  benzoin  in  fmell 
fublimes  frGm  it,  and  forming  cry  flail  izable 
falts  with  alkalies.  This  is  very  little 
known. 

C.  Sebacic  acid,  obtained  from  fat  by  the 
adtion  of  fire,  feparated  from  it  alfo  by 
alkalies  and  lime  with  the  affiflance  of  a 
ilrong  heat,  liquid,  white,  fmoaking,  very 
acrid  in  tafle  and  fmell,  forming  cryflalliza- 
ble  and  fixed  falts  with  earth  and  the  alkalies, 
decompofing  muriat  of  mercury,  and  de- 
compofable by  a flrong  heat. 

• . i 

D.  Lithic  acid,  exifling  in  human  urine, 
forming  the  (lone  in  the  bladder,  dry,  cryflal- 
lized  in  flat  needles,  almofl  infipid  and 
infoluble,  in  part  volatile,  decompofable  by 
a flrong  heat,  affording  ammoniacal  carbonat 
and  prufiic  acid  by  the  agency  of  fire,  for-- 
ming  a beautiful  red  folution  with  nitric 
acid,  foluble  in  caufric  alkalies,  and  precipi- 
tating of  a gridelin  or  reddifh  colour  from 
the  urine  of  perfons  labouring  under  fever. 

E.  For- 
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E.  Formic  acid,  obtained  from  ants  by 
diflillationorexprefiion  with  water,  reddening 
blue  flowers  while  in  the  living  infedt,. 
flying  off  in  a very  highly  odorous  vapour, 
in  fmell  analogous  to  mufk,  killing  animals 
in  this  form  of  gas,  capable  of  being  employ- 
ed for  the  fame  domeflic  purpofes  as  vinegar, 
decompofable  by  a ftrong  fire,  taking  oxygen 
from  oxygenated  muriatic  acid,  frequently 
Wronger  than  fulphuric  acid,  and  forming 
cryftallizable  and  not  deliquefcent  lalts  with 
earths  and  alkalies. 

F.  Bombic  acid,  contained  in  a refervoir 
near  the  anus  of  the  chryfalis  of  the  filk- 
worm,  extracted  from  this  refervoir  either 
by  exprefiion  or  by  means  of  alcohol, 
mingled  with  a brown  oil  and  a gum  while 
in  the  worm,  liquid,  of  an  amber  yellow 
colour,  decompofable  fpontaneoufly,  and 
affording  pruflic  acid  by  means  of  diftillation 
and  nitric  acid.  In  it’s  combinations  it  is 
unknown. 

G,  Pruflic 

# 
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G.  Prulfic  acid,  faturating  iron  and  colou- 
ring it  in  prufiian  blue,  obtained  at  prefent  by 
the  diftillation  of  blood,  or  the  addon  of  nitric 
acid  on  albumen,  gluten,  animal  fibre,  &c., 
and  difengaged  in  proportion  as  oxalic  acid 
is  formed,  remarkable  for  a noxious  fetid 
fmell  analogous  to  that  of  bitter  almonds, 
very  decompofable  by  a ftrong  fire  and  then 
affording  ammoniac,  fufceptible  of  the  form 
of  gas,  taking  metallic  oxvds  from  a great 
number  of  other  acids,  capable  of  being 
artificially  formed  by  the  union  of  hydrogen, 
carbon,  azot,  and  oxygen,  little  acid  in  it's 
tafle,  and  containing,  far  as  appears,  very 
little  oxygen. 

XXII.  It  follows  from  what  has  been 
advanced  in  the  preceding  feddons,  that  if 
acids  be  divided  into  two  claffes,  diftin- 
guifhed  by  having  fimple  or  compound  radi- 
cals, they  will  be  found  to  differ  principally 
in  this  circum  fiance,  that  thole  with  fimple 
radicals  are  not  convertible  into  each  other, 
becaufe  the  properties  of  one  fimple  radical, 
fulphur  for  example,  vary  much  from  thole 

H of . 
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of  another,  fuch  as  phofphorus,  whence  it 
would  be  neceffary  to  begin  with  converting 
thefe  radicals  into  each  other,  which  is  far 
beyond  the  power  of  art:  the  acids  of  the 
other  clafs,  on  the  contrary,  being  formed  in 
general  of  a bale  compofed  of  hydrogen, 
carbon,  and  azot,  united  with  oxygen, 
appear  to  differ  from  each  other  only  in  the 
proportions  of  the  two  or  three  principles 
which  enter  into  the  compoiition  of  their 
radicals,  and  of  the  oxygen  united  with  thefe, 
have  a tendency  to  undergo  inceffant  changes 
in  their  compoiition,  efpecially  from  varia- 
tion of  temperature,  humidity,  &c.  and 
fpontaneoufly  pafs  into  different  ftates.  Thus 
fi om  the  mere  efforts  of  vegetation  plants 
contain  different  acids  at  different  periods  of 
their  growth : and  thus  folutions  of  vegetable 
acids  in  water  change,  alter  their  nature,  and 
ultimately  yield  a certain  quantity  of  carbo- 
nic acid  and  water,  as  they  arrive  at  the  laft 
ffage  of  decompofition. 

XXIII.  If  we  attend  to  thefe  fad:?,  it  is 
eafy  to  perceive,  that  there  llill  remain  to  be 

difcovered 
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difcovered  not  only  the  nature  of  feveral 
acids,  with  the  compofition  of  which  we  are 
unacquainted,  butalfo  perhaps  a confiderable 
number  of  new  acids,  in  plants  and  animals. 
For  among  the  productions  of  thefe  organi- 
zed beings,  the  principles  of  which  we  have 
only  begun  to  inveftigate,  we  are  far  from 
having  exhaufted  all  the  poffible  combina- 
tions of  carbon,  hydrogen,  azot,  and  oxygen, 
as  the  moft  fuperficial  calculation  wall  demon- 
itrate.  To  this  order  of  investigation  and 
difcovery  we  muft  refer  the  examination  of 
the  acids  indicated  in  cork,  gray-peafe,  and 
Teveral  other  vegetable  matters,  as  well  as 
thofe  of  the  gaftric  juice,  the  coagulum 
of  the  blood,  cruoric  acid , &c.  It  wiil  be 
perceived  too,  from  the  fucceeding  chapter, 
that  moft  burnt  metals  fcem  to  enter  into  the 
cdafs  of  acids,  and  comport  themfelves  as 
thefe  falts  in  a great  number  of  combina- 
tions: fo  that  acids  appear  to  be  the  moft 
numerous  of  all  bodies,  and  perform  the 
principal  parts  in  the  chemical  alterations, 
which  both  ftmpleand  compound  fubftances 
are  deftined  inceftantly  to  undergo. 

H 2 Application 
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Application  of  the  Proportions  rcfpcdling 

acids . 

The  artificial  formation  of  fulphuric  acid, 
by  the  combuftion  of  fulphur  in  the  great. 

The  difchargingof  colour  from  white  linens 
and  fluffs  by  means  of  the  fulphurous 
ac  d. 

The  new  art  of  bleaching  by  means  of  the 

oxygenated  muriatic  acid. 

\ 

The  theory  of  the  aqua  regia  of  the  an- 
cient chemifls. 

The  art  of  engraving  on  glafs  by  the 
fluoric  acid. 

One  part  of  the  theory  of  the  formation  of 
artificial  nitre-pits. 

l he  existence  and  formation  of  the  known 
native  acids. 

The  influence  of  acids  in  mineralization. 

I he  extraction  and  purification  of  vegeta- 
ble acids  and  acidules. 


The 
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The  fpontaneous  formation  and  deftrudtion 
of  vegetable  acids. 

Their  reciprocal  converhon  into  each  other 
by  vegetation,  fermentation,  &c. 


CHAP.  VIII. 


OF  THE  UNION  OF  ACIDS  WITH  EARTHS 
AND  ALKALIES. 

I.  ALL  acids  unite  with  alkalies  and  the 
alkaline  earths  without  being  decompofed. 
The  combinations  thus  formed  have  been 
called  neutral,  middle,  compound,  or  fecon- 
dary  falts.  To  the  firft  two  of  thefe  names 
they  have  no  claim,  unkfs  when  they  are 
neither  acid  nor  alkaline  : the  other  two  are 

* i 

more  accurate,  and  of  greater  utility.  All 
thefe  falts  are  readily  made  by  art ; and  na- 
ture exhibits  a considerable  number  of  them, 
particularly  of  thofe  the  radicals  of  which 
are  fimple.  Mineralogy  is  continually 
making  new  acquilitions  in  this  branch  of 
knowledge,  by  the  analyfis  of  minerals, 
which  alone  is  capable  of  unfolding  to  us 

their  intimate  nature. 

/ 
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II.  Every  compound  fait  ought  to  have 
a double  name,  one  branch  of  which  fhould 
indicate  it’s  acid,  the  other  it’s  earthy  or 
alkaline  bafe.  The  former  has  two  different 
terminations  announcing  the  ffate  of  the 
acid.  Words  ending  in  at  are  employed 
when  the  fait  contains  an  acid  faturated  with 
oxygen,  which  is  denoted  by  the  termina- 
tion  ic  : thus  mtrats  are  formed  by  the  ni- 
tric acid  ; and  words  ending  in  it  imply 
feeble  acids,  not  faturated  with  oxygen,  for 
which,  as  has  been  already  obferved,  we  ufe 
the  teimination  ous : thus  the  compounds  of 
the  nitrous  acid  are  nitrits . 

III.  As  there  are  thirty-four  kinds  of 
acids  known,  and  feven  earthy  or  alkaline 
bafes,  which  may  be  united  to  form  com- 
pound falts,  the  number  of  thefe  falts  might 
be  eftimated  at  two  hundred  and  thirty- 
eight  : but  fuch  a calculation  would  be  far 
from  exadt : for,  i ft,  there  are  only  few 
acids  capable  of  combining  with  lilex  : 2dly, 
there  are  others  which  cannot  unite  with 
certain  earthy  bates  on  account  of  their 

Id  4 weaknels, 
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vveaknefs,  or  with  ammoniac  without  de- 
compofing  it : 3(ily,  there  are  feveral  acids 
which  may  be  united  to  the  fame  bafes  in 
three  ways,  or  remain  at  three  different 
points  of  faturation  with  thefe  bafes,  namely* 
with  excefs  of  acid,  with  excefs  of  bafe,  and 
exadly  neutralized.  Thus  we  are  far  from 
being  able  to  determine  with  accuracy  the 
number  of  earthy  and  alkaline  compound 
falts,  becaufe  we  are  far  from  having  fuffici- 
ently  examined  all  thefe  combinations  to  at- 
frin  a perfed  knowledge  of  them,  and  allure 
ourfelves  whether  they  be  not  fufceptible 
of  feveral  degrees  of  faturation,  &c. 

IV.  All  the  acids  poffeffing  different 
eledive  attradions  or  affinities  for  each  al- 
kaline or  earthy  bafe,  it  is  ,fieceflary  to  be 
fully  acquainted  with  the  whole  of  thefe  re- 
fpedive  affinities,  before  we  can  have  a 
complete  hi  dory  of  compound  falts  : and  as 
a very  few  only  of  thefe  affinities  have  yet 
been  determined  with  accuracy,  we  are  far 
from  polleffing  the  general  mafs  of  fads 
that  relate  to  this  order  of  bodies.  Indeed 
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one  tenth  of  thefe  combinations  has  not  yet 
been  duly  inveftigated. 

V.  To  begin  the  hiflory  of  compound 
falts  methodically,  we  mult  divide  them 
into  genera  and  fpecies,  and  fix  their 
generic  and  fpecific  characters.  As  this 
branch  of  the  fubiedt  has  not  yet  occupied 
the  attention  of  chemilts,  a flight  {ketch  of 
it  is  all  that  can  be  given ; though  in  the 
prefen t fiate  of  fcience  it  is  efiential  to  em- 
ploy the  method  of  botanifts  in  the  enun- 
ciation of  chemical  properties. 

There  are  two  methods  of  dividing  com- 
pound falts,  to  which  recourle  might  be 
had;  the  one  founded  on  their  acids,  the 
other  on  their  bales  : at  prefent,  however, 
it  is  from  the  acids  only  we  can  eflabiifh 
genera  comprehending  the  whole  of  thefe 
falts,  for  they  alone  are  capable  of  furnifhing 
generic  characters,;  the  infiuence'of  the  bafes 
on  the  properties  of  thefe  compounds  not 
being  fufficiently  known,  to  enable  us  to 
confider  thefe  earthy  and  alkaline  fubftances 
as  the  heads  of  the  generical  divifions. 

VI.  Thus 
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VI.  Thus  we  may  reckon  thirty-five 
genera  of  compound  falts  according  to  the 
number  of  the  acids ; and  the  generical 
names  being  taken  from  their  acids,  we  have 
for  thefe  thirty- five  genera  the  following 
denominations  : — 


Genus  I, 

SULPIIATS. 

Genus  II, 

SULPH1TS. 

Genus  III, 

Nitrats. 

Genus  IV, 

Nitr  .ts. 

Genus  V, 

Carbonats. 

Genus  VI, 

Phosphats. 

Genus  VII, 

PlIOSPHITS. 

Genus  VIII, 

Arseniats. 

Genus  IX, 

Arsenits. 

Genus  X, 

Tungstats. 

I 

Genus  XI, 

Molybdats. 

Genus  XII, 

Muriats. 

Genus  XIII, 

Oxygenated  Mu- 

riats. 

Genus  XIV, 

Fluats. 

Genus  XV, 

Borats. 

Genus  XVI, 

SuCCIN  ATS. 

.Genus  XVII, 

Citrats. 

Genus 
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Genus  XVIII, 
Genas  XIX, 
Genas  XX, 
Genas  XXI, 
Genus  XXII, 
Genus  XXIII, 
Genus  XXIV, 
Genus  XXV, 
Genus  XXVI, 
Genus  XXVII, 
Genus  XXVIII, 
Genus  XXIX, 
Genus  XXX, 
Genus  XXXI, 
Genus  XXXII, 
Genus  XXXIII, 
Genus  XXXIV, 
Genus  XXXV, 


Gall  ats. 
Malats. 
Benzoats. 
Tartrits. 
OxAL  ATS. 

Camphor  ats. 

Pyromucits. 

Pyrol;gnits. 

Pyrotartrits. 

Acetats. 

I 

Acetits. 

Ij  ACT  ATS. 

Saccholats. 

Sebats. 

Lithiats. 

Formiats. 

BoMBI  ATS. 

Prussiats. 


VII.  Each  of  the  thirty-five  genera  of 
compound  falts  above  enumerated  Ihould  be 
confidered  with  refpeCt  to  it’s  difcriminative 
characters,  or  thofe  qualities  which  are  fuf- 
ficient  to  diftinguifh  it,  and  give  an  accurate 
jdea  of  it’s  difference  from  all  others.  P'or 

this 
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this  purpofe,  out  of  the  properties  difplayed 
by  it,  one,  if  polTible,  or  at  moft  two  or 
three,  fhould  he  feieded,  of  prominent  fea- 
tures, and  conftituting  an  eflential  charader 
of  each  genus.  I dial!  now  attempt  a fketch 
of  this  fort. 

Genus  I,  Sulphats  : decompofable  by 
charcoal,  &c.,  into  fidphures. 

Genus  II,  Sulphits  : yielding  thefmell 
of  burning  falphur  on  the  contad  of  almoft 
ail  acids,  with  effervefcence. 

\ 

Genus  III,  Nitrats  : accending  com- 
buftible  bodies  at  different  temperatures,  and 
almoft  all  of  them  reducible  to  their  bales 

by  the  adion  of  fire. 

% 

Genus  IV,  Nitrits:  decompofable  by 
weak  acids,  which  feparate  from  it  red  ni- 
trous vapour. 

Genus  V,  Carbonats  : leaving  the 
characters  of  their  bafes  more  or  lefs  piomi- 

nent  j 
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nent ; and  producing  with  all  acids  a brifk 
and  fenfible  effervefcence,  till  their  carbo- 
nic acid  is  completely  evolved. 

Genus  VI,  Phosphats:  decom pofable, 
mediately  or  immediately,  by  charcoal,  which 
feparates  from  them  the  phofphorus. 

Genus  VII,  Phosphits:  all  decom po- 
fable  immediately  by  charcoal,  which  fepa- 
rates from  them  the  phofphorus  $ and  emit- 
ting vapours  on  the  contact  of  fulphuric 
acid,  &c. 

Genus  VIH,  Arseniats:  affording  on 
the  contact  of  red  hot  charcoal  the  fmeil 
and  white  vapour  of  arfenic  ; and  not  de- 
com pofable  by  acids  alone,  unaffifled  by  a 
double  affinity. 

Genus  IX,  Arsenits:  the  arfenious 
acid  is  leparated  and  precipitated  from  their 
folutions,  by  the  contadl  of  all  the  acid  , 
even  of  the  arfenic  acid. 


Genus 
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GenusX,  Tungstats:  turning  yellow 
on  the  addition  of  nitric  or  muriatic  acid. 

t 

* 1 
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Genus  XT,  Molybdats  : not  yet  dif- 
tinguifhable  till  the  molybdenic  acid  is  fepa- 
rated  from  them  by  other  acids,  and  in  con- 
fequence  of  the  characters  exhibited  by  the 
molybdenic  acid. 

Genus  XII,  Muriats  : affording  mu- 
riatic acid  by  means  of  concentrated  ful- 
phuric  acid,  and  oxygenated  muriatic  acid 
when  aCted  upon  by  the  nitric. 

Genus  XIII,  OxygenatedMuriats  : 
accending  all  combuftible  bodies  at  a lower 
temperature  than  they  are  kindled  by  nitrats, 
with  a more  vivid  flame,  and  remaining  in 
the  flate  of  muriats  after  the  combuflion  is 
ended. 

Genus  XIV,  Flu  at  s:  yielding  a vapour 
that  corrodes  glafs,  on  the  contadt  of  con- 
centrated fulphuric  acid. 


i 


Genus 


( "I  ) 

Genus  XV,  Bor  at s : fufible,  with  or 
without  reparation  of  their  bafes ; and  af- 
fording, when  another  acid  is  united  with, 
their  folution,  boracic  acid  in  foliated  cry- 
flals. 

Genus  XVI,  Succinats:  thefe  are  not 
to  be  known,  or  characterifed,  but  by  de- 
compofing  them,  and  obferving  their  acid  : 
moil  of  them  retain  the  fmell  of  burnt 
amber. 

Genus  XVII,  Citrats:  not  fufficiently 
known  for  us  to  find  in  them  generic  cha- 
racters : to  diftinguilh  them,  the  citric  acid 
muft  be  feparated  by  the  moil  powerful 
mineral  acids. 

Genus  XVIII,  Gallats  : all  llrongly 
characterized  by  their  property  of  precipi- 
tating iron  black  from  it’s  folutions,  and 
partly  reducing  the  oxyds  of  filver,  gold, 
and  mercury,  in  feparating  them  from  the 
menfirua  in  which  they  are  difiolved. 
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Genus  XIX,  Malats  : almoft  all  de- 
Iiquefcent : not  to  be  known  but  by  obtain- 
ing their  acid  feparately  by  the  aid  of  mi- 
neral acids. 

Genus  XX,  Benzoats  : afcertainable 
on  difeerning  the  fmell  of  the  benzoic  acid, 
feparated  by  acids  of  greater  power. 

Genus  XXI,  Tartrits  : fufficiently 
ftriking  charaCteriftics  for  diftinguiffiing 
thefe  are  to  be  found  in  their  tendency  to 
compofe  triple  falts,  and  acidules  lefs  foluble 
than  either  the  pure  acid,  or  the  neutral 
falts  which  the  tartarous  acid  forms  with 
the  fame  bafes. 

s • 

Genus  XXII,  Oxalats  : may  be  cha- 
racterized by  their  tendency  to  form  acidules 
of  difficult  folution,  and  their  property  of 
decompofing  all  calcareous  falts. 

Genus  XXIII,  Camphorats  : too  lit- 
tle known  to  have  generic  characters  affigned 
them  : they  arc  to  be  diftinguiihed  by  the 

prefence 
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prefence  of  the  camphoric  acid,  and  the  re- 
cognition of  it’s  properties  when  feparated. 


. 

Genus  XXIV/ Pyromucits  : (imilarly 
circumftanced  with  camphorats. 


Genus  XXV,  Pyrolignits  : the  fame 
may  be  faid  of  thefe. 

Genus  XXVI,  Pyrota rtrits  : thefe 
rank  with  the  three  preceding  genera. 


Genus  XXVII,  Acet’ATs:  yet  too  little 
diftinguilhed  from  acetits : evolving,  when 
decompofed  by  mineral  acid,  a very  (trong 

and  pungent  white  vapour. 

«* 

Genus  XXVIII,  Acetits:  all  recogni- 
zable by  their  acid  difengaged  by  means  of 
(harper  acids. 

Genus  XXIX,  Lactats:  very  little 
known : their  acid,  feparated  by  others,  can 
a’one  characterize  them. 

' 35 
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Genus  XXX,  Saccholats:  as  the  lac- 
tats:  unknown. 

i r 

Genus  XXXI,  Sebats  : emitting  the 
white  vapour  and  acrid  frnell  of  febacic  acid 
on  the  contact  of  the  dronged  mineral 
acids. 

Genus  XXXII,  Lithiats:  theweakeft 
of  all  falts  in  their  attractions,  being  decom- 
pofable  even  by  the  carbonic  acid. 

Genus  XXXIII,  Formi ats  : very  little 
known,  and  recognizable  only  by  means  of 
their  acid. 

Genus  XXXIV,  Bombiats:  fimilarly 
circum danced  with  the  formiats. 

Genus  XXXV,  Prussiats:  completely 
characterized  by  their  property  of  forming 
pruflian  blue  with  folutions  of  iron, 

VIII.  To  determine  the  fpecific  charac- 
ters of  nearly  two  hundred  and  forty-five 


\ 
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fpccies  contained  in  thefe  thirty-five  genera, 
they  would  require  to  be  profoundly  ftudied, 
and  in  this  refpeCt  fcience  is  yet  little  ad- 
vanced. While  our  knowledge  is  thus  de- 
fective, it  is  of  importance  to  indicate  at 
leaft  the  path  we  ought  to  purfue  to  com- 
plete the  hiftory  of  thefe  compounds,  and  to 
afcertain  with  precifion  the  method  of  in- 
veftigating  their  properties. 

Each  compound  earthy  or  ahkaline  fait 
prefents  to  our  obfervation, 

i ft.  Figure,  and  the  varieties  of  that  figure. 
This  ought  to  be  defcribed  geometrically  : 
the  inclination  and  degrees  of  it's  angles, 
the  primitive  formation  of  the  cryftals,  the 
interiour  form,  their  difleCtion,  and  the  laws 
of  decreafe  which  determine  their  varieties, 
fhould  be  detailed. 

2dly,  It’s  exiftence  by  art  or  nature,  with 
a comparifon  of  the  native  and  artificial 
fait. 
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3dly,  Tafte. 

4thly,  The  adion  of  fire ; whether  it  be 
null,  fufing,  vitrifying,  fubliming,  or  de- 

i 

cornpofing,  6cc. 

5 thly.  That  of  light. 

6thly,  The  influence  of  the  air ; whether 
it  be  null,  or  impart  water  to  the  cryftals, 
or  elicit  water  from  them. 

ythly,  The  union  with  water,  the  quan- 
tity neceffary  to  difiolution  at  different  tem- 
peratures, the  caloric  abforbed  or  evolved, 
the  cryftallization  produced  by  refrigeration 
or  evaporation. 

Sthly,  The  attraction  of  earths  which 
modify  the  fait,  decompofe  it,  produce  no 
change  in  it,  or  unite  with  it  to  form  a tri- 
ple fait*  > 

9thly,  The  effeCt  of  alkalies  on  it ; 
whether  null,  decompofing,  or  fometimes 

com- 
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combining  with  it  fo  that  a triple  fait  is 
formed. 

t 
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iothly,  The  comparative  action  of  acids 
different  from  that  which  it  contains,  de- 
compofing  the  fait,  changing  it’s  nature,  or 
producing  in  it  no  alteration. 

nthly.  The  operation  of  other  neutral 
falts  on  it;  which  may  produce  a complete 
union,  forming  a triple  fait;  a double decom- 
pofltioo,  by  an  interchange  of  acids  and  bales; 
a precipitation,  in  confequence  of  their  at- 
traction for  water;  or  no  alteration  what- 
ever. 

l ' 

I2thly,  The  diffolubility  or  indiffolubility 
of  the  fait  in  alcohol. 

1 3 thly.  It’s  alterability  or  unalterability 
by  means  of  charcoal,  which  may  decompofe 
it’s  acid,  or  leave  it  untouched^ 

1 4thly,  The  influence  of  vegetation  and 
fermentation  on  the  fait. 

I 3 iothly. 
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1 5 thly,  and  finally,  it’s  a&ion  on  the  ani- 
mal economy. 

IX.  If  all  thefe  queftions  were  anfwered 
with  precifion,  in  the  prefcnt  ffate  of  chc- 
miftry,  the  hiftory  of  earthy  and  alkaline 
compound  falts  would  not  only  be  complete, 
but  would  throw  confiderable  light  on  various 
phenomena  of  nature  and  art,  which  ftiil 
remain  plunged  in  great  obfcurity. 

i 

X.  Some  faline  combinations  of  an  acid 

with  twobafes,  particularly  magnefia  and  am- 
moniac, are  already  known : thefe  com- 

pounds bear  the  name  of  trifules , or  triple 
falts  j but  a far.  greater  number  exifls,  of 
which  we  are  not  fufficiently  aware,  and 
which  demand  all  the  attention  that  can  be 
paid  them  by  chemifts.  The  earth  con- 
ceals, both  at  it’s  furface  and  in  it’s  fuper- 
ficial  cavities,  faline  compounds  differing 
from  thofe  which  art  produces  by  the  limul- 
taneous  exigence  of  two  bafes,  or  even  of 
two  acids : borat  of  lime  and  borat  of  mag- 
nefia have  already  been  found  cryftallized 

a together 
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together  in  cubic  quartz,  phofphat  of  lime 
and  fluat  of  lime  in  the  earth  of  Marmaroch 
and  the  Eftremadura  fione,  Sec. 

» - • , ' v 

Applications  of  the  propoftions  in  this  chapter , 

The  knowledge  of  native  falts. 

The  cryftallization  and  purification  of  ufeful 
falts. 

The  phenomena  of  folutions. 

The  precipitation  and  preparation  of  alu*. 
min,  magnefia,  &c. 

The  attraction  of  lime,  potalh,  foda,  and 
ammoniac  for  acids. 

The  formation  of  neutral  falts  by  nature. 

All  the  details  of  halotechny. 

The  preparation  of  the  nitric,  muriatic, 
boracic,  and  feveral  other  acids. 
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THE  OXYDATION  AND  DISSOLUTION  OF 

METALS. 

• Ik  i ■ ' 

; ’ • * - • 

I.  METALS  have  already  come  under 

confideration  in  the  fixth  chapter  as  inde- 
compofable  or  fingle  combuftible  bodies, 
and  been  characterized  by  their  moft  ftriking 
properties.  But  thefe  general  obfervations  are 
not  lufficient : the  important  parts  perform- 
ed by  thefe  fubftances,  in  the  phenomena  of 
nature  and  the  proceiTes  Gf  the  arts,  require, 
that  they  fhouid  be  feparately  examined,  and 
with  fufficient  minutenefs  to  enable  us  to 

i < 

appreciate  the  whole  of  their  influence, 

II.  Though  metals  are  capable  of  uniting 
in  their  metallic  {fate  with  each  other,  with 
fulphur,  with  phofphorus,  with  carbon,  and 
with  combuilible  fubftances  in  general,  it  is 

much 
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much  more  common  to  fee  them  combined 
with  oxygen  previous  to  their  union  with 
other  bodies  ; or,  in  other  words,  for  them 
to  enter  into  the  greater  number  of  com- 
pounds of  which  they  conflitute  a part,  it  is 
neceffary,  that  they  firft  unite  with  oxygen, 
or  be  converted  into  the  flate  of  burnt 
bodies.  Accordingly,  all  the  fingular  phe- 
nomena difplayed  by  metals  in  their  combi- 
nations, and  the  changes  of  form  they  under- 
go, are  owing  to  their  attraction  for  oxygen, 
and  the  different  proportions  in  which  they 
contain  this  principle. 

III.  Though  there  are  various  circum-: 
fiances  under  which  metals  may  be  united 
with  oxygen,  they  may  be  reduced  in  gene- 
ral to  three.  The  firft  is  the  contaCl  of  air, 
affifted  by  caloric ; the  fecond  is  owing  to 
the  decompofition  of  water ; the  third,  to 
that  of  acids.  In  this  triple  view  the  oxy- 
dation  and  diffolution  of  metals  are  here  to 
be  confidered* 


IV . All 
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IV.  All  metals  heated  in  the  air,  and 
raifed  to  a temperature  more  or  lefs  high,  are 
fufceptible  of  burning  with  a vivid  flame, 
great  heat,  and  a true  deflagration,  either 
previous  or  fubfequent  to  their  entering  into 
fuflon  : thus  they  abforb  oxygen  in  a fl:ate 
of  greater  or  lefs  folidity : thofe  which 
oxydate  flowly,  and  without  perceptible  in- 
flammation, equally  difengage  light  and  ca- 
loric from  the  vital  air,  but  in  fo  fmall  a 
quantity  at  a time,  that  they  are  not  rendered 
fenfible  to  our  organs. 

V.  Elevation  of  temperature  favours  the 
abforption  of  the  oxygen  of  the  atmofphere 
by  metals,  and  renders  the  combination  of 
this  principle  with  thefe  combuftible  bodies 
more  folid. 

VI.  While  there  are  fome  metals  which 
never  burn  in  the  air,  except  at  a very  high 
temperature,  as  gold,  filver,  and  platina, 
there  are  others  which  burn  at  all  tempera- 
tures, even  the  lowefl,  and  with  great 
promptitude ; as  manganefe,  which  oxy- 

dates. 
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dates,  and  falls  into  powder,  in  a few  hours, 
on  the  contad:  of  air  feveral  degrees  below 
the  freezing  point.  Some,  as  iron,  copper, 
lead,  &c.,  burn  dowdy,  and  in  the  courfe 
of  fome  months,  in  the  air,  even  though 
cold. 

VII.  All  metals  increafe  their  weight 
during  this  operation,  which  does  not  take 
place  without  the  contadl  of  air,  and  confe- 
quently  abforb  a principle,  the  oxygen  of  the 
atmofphere,  without  lofing  any  one.  Nei- 
ther the  name  of  calcination,  which  wa,s 
given  to  this  phenomenon,  nor  that  of  me- 
tallic calces,  can  be  retained  ; but  inftead  of 
thefe  have  been  fubftituted  the  terms  of 
combuftion  and  oxydation  for  the  operation, 
and  of  metallic  oxyds  to  denote  the  metals 
thus  burnt. 

VIII.  The  colours  which  metals  difplay 
in  burning,  or  with  w'hich  their  flame  is 
tinged,  appear  to  be  owing  to  the  diflolution 
of  the  metallic  molecules  in  the  light  that  is 

evolved. 
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evolved.  Thus  copper  yields  a green  flame, 
&c. 

IX.  Not  only  do  all  metals  compared  with 
each  other  abforb  different  quantities  of 
oxygen  to  faturate  them  in  their^  combuf- 
tion  by  the  contact  of  air,  but  each  metal 
confideredfeparately  abforbs  different  propor- 
tions, and  flops  at  various  points  of  oxyda- 
tion,  according  to  the  degree  of  temperature 
to  which  it  is  raifed.  Thus  tin,  lead,  cop- 
per, iron,  change  colour  and  affume  the 
tints  of  the  rainbow,  at  the  fir  ft  degree  of 
fire  to  which  they  are  expofed  in  contabl 
with  the  air:  lead  firft  becomes  a gray  oxyd, 
next  yellow,  and  laftly  red  : mercury  paffes 
from  black  to  white,  from  white  to  yellow, 
and  from  yellow  to  red  ; iron,  at  firft  a 
black  oxyd,  becomes  next  green,  then 
brown,  and  ultimately  white  : copper  is  at 
firft  a brown  oxyd,  from  which  it  changes 
to  blue,  and  it’s  laft  degree  of  oxydation  im- 
parts to  it  a green  colour. 

X.  All 
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X.  All  metals  differ  in  their  attraction 
for  oxygen.  From  fome,  as  gold,  filver, 
&c.,  oxygen  is  elicited  by  means  of  light 
almoft  alone,  or  afiifted  with  a very  fmall 
portion  of  caloric  ; others,  as  meicury,  re- 
quire for  it’s  feparation  a great  degree  of  fire, 
and  much  light ; while  the  greater  num- 
ber do  not  part  with  this  principle,  merely 
by  the  intervention  of  light  and  caloric.  To 
decompofe  oxyds  of  the  laid  defeription,  they 
mufl  be  heated  with  charcoal,  which  at- 
tracts from  them  their  oxygen. 

0 * ,,  , , y V 

XI.  It  is  owing  to  this  diverfity  of  at- 
tractive power  for  oxygen,  that  fome  metals 
are  deprived  of  it  by  others,  as  diver  and 
gold  are  by  almoft  all  the  reft,  mercuiy  by 
copper,  copper  by  iron,  &c.  We  are  not 
yet  perfectly  acquainted  with  all  thefe  de- 
grees of  attraction,  but  the  prefent  ftatc  of 
our  knowledge  indicates  the  following  order 
of  the  metals,  beginning  with  that  of  which 
the  attraction  for  oxygen  is  moft  powerful  : 
manganele,  zinc,  iron,  tin,  copper,  mercury, 
filver,  gold. 


XII.  Va- 


, ( 126  ) 

XII.  Various  metals  decompofe  water,  and 
this  the  more  fenfibly  and  rapidly  the  higher 
their  temperature  is  raifed,  becaufe  then  the 
abundant  quantity  of  caloric  employed  more 
forcibly  attracts  and  diffolves  the  hydrogen. 
Thus  iron  decompofes  water  with  great  ra- 
pidity when  it  is  of  a white  heat,  though  it 
requires  a confidcrable  time  to  effeCt  it’s  de- 
composition at  the  highefl  temperature  our 
atmofphere  ever  attains. 

XIII.  Iron,  zinc,  tin,  and  antimony,  appear 
to  be  capable  of  decompofing  water : it  is  pro- 
bable, too,  that  manganefe,  and  even  fome 
other  metallic  fubftances,  are  equally  capable 
of  effecting  this  purpofe.  This  decompo- 
fition  is  attributable  to  a Stronger  attraction 
for  oxygen,  than  hydrogen  poffeffes  : whence 
it  follows,  that  hydrogen  completely  decom- 
pofes the  oxyds  of  thofe  which  do  not  de- 
compofe water.  But  it  is  requifite  here  to 
distinguish  the  different  degrees  of  oxyda- 
tion  : for  the  oxyd  of  iron  highly  oxydated, 
or  oxydated  brown,  is  partly  decompofed  by 
hydrogen,  and  reverts  to  the  (late  of  black 

oxyd. 
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oxyd,  becaufe  iron  is  capable  of  eliciting 
oxygen  from  water  only  to  that  degree 
which  oxydates  it  black,  and  beyond  this 
degree  of  oxydation  decompofes  it  no 
longer. 

XIV.  All  metals  capable  of  decompofing 
water  effed  this  operation  with  more  eafe 
and  rapidity,  when  affifted  by  the  contact  of 
a fubftance  which  has  a great  tendency  to 
unite  with  their  oxyds.  Frequently  even 
metals,  like  other  combuftible  bodies,  which 
alone  would  not  decompofe  water,  are  ren- 
dered capable  of  it  by  the  prefence  of  fome 
other  fubftance,  which  ads  by  a predifpo- 
nent  affinity.  Thus  almoft  all  metals  are 
enabled  to  effed  the  decompolition  of  water 
by  means  of  acids. 

XV.  Metallic  oxyds  have  this  peculiarity 
in  their  combinations,  that  they  feem,  with 
regard  to  acids,  to  perform  the  fundions  of 
alkalies,  or  earthy  and  alkaline  bafes ; though, 
on  the  other  hand,  they  are  capable  of 
uniting  with  earths  and  alkalies,  as  if  they 

were 
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were  a fort  of  acids.  Of  the  latter,  indeed, 
there  are  fewer  than  the  former ; and  it  is 
obfervable,  that  they  which  faturate  alkalies 
in  the  manner  of  acids  are  in  general  thofe 
to  which  oxygen  mod  powerfully  adheres,  as 
antimony,  lead,  iron,  and  manganefe.  It  has 
already  been  laid,  in  Chapter  VI,  that  there 
are  three  metals  which  are  truly  acidifiable. 

XVI.  Metals  cannot  be  diffolved  by  acids 
without  being  previoufly  oxydated  : for  this 
reafon,  fueh  metallic  oxyds  as  are  foluble  in 
acids  diffolve  in  them  flowly,  and  without 
effervefcence  ; while  metals  themfelves  can- 
not  be  diffolved  in  the  fame  nlendruum, 
without  motion  and  effervefcence  being  pro- 
duced. 

XVII.  The  effervefcence  occafioned  by 

. a • » . • f*  , • * 

the  diffolution  of  metals  arifes  from  this, 
that,  in  abforbing  oxygen,  they  take  it  from 

i 

a principle,  which  affumes  the  form  of  gas, 
or  elaflic  fluid.  This  principle  proceeds 
either  from  the  water,  or  from  the  acid,  em- 
ployed in  the  procels,  according  as  the  one 


i 


or 


or  the  other  is  decompofed  ; and  fometimes 
it  originates  from  both,  when  both  are  de- 
compofed  at  the  fame  time  by  the  metal. 

XVIII.  Sulphuric  acid  thus  decompofed 
by  metals,  when  in  a concentrated  Hate,  gives 
out  fulphurous  gas ; and  nitric  acid,  nitrous 
gas. 

t/ 

XIX.  Sulphuric  acid  diluted  with  water, 
greatly  facilitating  the  decompofition  of  the 
aqueous  fluid  by  means  of  metals,  evolves  in 
this  procefs  hydrogen  gas  : this  is  eminently 
the  cafe  in  the  diflolution  of  iron  or  zinc  by 
dilute  fulphuric  acid.  The  phofphoric  acid 
adts  nearly  in  the  fame  manner  as  the  ful- 
phuric with  metals. 

XX.  Nitric  acid  is  net  only  decompofed 
by  feveral  metals,  but  alfo  admits  the  de- 
compofition of  water  at  the  fame  time. 
For  this  it  fuffices,  that  the  metal  diflblved 
in  it  be  extremely  greedy  of  oxygen  : fuch 
is  particularly  tin.  In  this  cafe,  the  hydro- 
gen of  the  water,  uniting  with  the  azot  of 

K the 
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the  nitric  acid,  forms  ammoniac  •,  for  which 
reafon,  thefe  folutions  afford  no  gas,  and 
contain  ammoniacal  nitrat.  Hence  we  un- 
derhand how  mod  folutions  of  the  white 
metals  in  nitric  acid  evolve  ammoniacal  va- 
pours in  the  injection  of  quicklime. 

XXI.  The  muriatic  acid,  as  it  is  incapa- 
ble of  being  decompofed  by  combuhible  bo- 
dies, ofitfelf  diffolves  few  metallic  fubhances. 
It  attacks  only  fuch  metals  as  pcITefs  fuffi- 
cient  avidity  for  oxygen  to  decompofe  water: 
accordingly,  during  the  diffolution  of  metals 
in  the  muriatic  acid  hydrogen  gas  is  always 
evolved. 

XXII.  Not  only  is  the  muriatic  acid  in- 
capable of  being  decompofed  by  metals,  but 
it  alfo  poffelfes  the  property  of  attracting 
oxygen  from  molt  metallic  oxyds  : in  doing 
which  it  paffestothe  hate  of  oxygenated  mu- 
riatic acid.  To  this  hrong  affinity  for  oxy- 
gen the  muriatic  acid  owes  it’s  property  of 
eaffiy  diholving  metallic  oxyds,  on  which 
account  it  is  employed  with  fuccefs  for  dif- 

l'olving 
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folving  the  oxyd  of  iron,  which  other  acids 
are  unable  to  attack.  If  metallic  oxyds  be 
furcharged  with  oxygen  when  we  diflblve 
them  in  muriatic  acid,  an  effervefcence  arifes, 
becaufe  a part  of  the  acid  flies  off  in  the  form 
of  oxygenated  muriatic  acid  gas.  If  the 
oxyds  be  only  at  the  proper  point  of  oxyda- 
tion  for  uniting  with  this  acid,  they  diflblve 
in  it  without  any  movement  or  effervefcence, 
as  flit  or  fugar  will  in  water. 

XXIII.  The  boracic  and  fluoric  acids  u- 
nitebut  feebly  with  metallic  oxyds : they  do 
not  diflblve  pure  metals,  becaufe  they  are  not 
decompofable  bv  them  ; but  they  enable  wa- 
ter to  oxydate  fuch  of  them  as  have  mold 
affinity  for  oxygen.  It  is  the  fame  with  the 
carbonic  acid,  which  unites  well  with  mofl: 
metallic  oxyds,  and  is  often  found  com- 
bined with  them  in  their  native  ftate. 

XXIV.  Metallic  acids  are  eaflly  decom- 
pofed  by  very  combuftible  metais  : they  un:te 
very  perfectly  with  their  oxyds,  and  are  fre- 

K 2 quently 
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quently  found  thus  combined  in  a native 
ilate. 

i 

XXV.  Acids  of  the  vegetable  and  animal 
kind,  or  of  which  the  radicals  are  formed 
by  hydrogen  and  carbon,  are  not  decompofed 
by  metals ; but  they  render  water  extreme- 
ly decompofable  by  them,  and  unite  with 
metallic  oxyds  with  confiderable  folidity. 
Many  of  them  occalion  thefe  oxyds  to  revert 
to  the  metallic  hate. 

XXVI.  The  oxyds  of  metals  cannot  u- 
nite  with  acids,  and  ftill  lefs  remain  com- 
bined with  them,  unlefs  they  contain  cer- 
tain proportions  of  oxygen  : if  they  have  lef9 
than  the  determinate  quantity,  no  union  will 
take  place;  if  more,  they  will  feparate 
from  them. 

' * ? 

XXVII.  Befide  this  general  truth,  there 
is  another  of  the  fame  kind  peculiar  to  each 
acid  and  each  metal ; which  is,  that  they 
cannot  remain  reciprocally  united,  but  with- 
in certain  limits  of  oxydation,  and  thefe 

oftentimes. 
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oftentimes  very  confined.  There  is  a deter- 
minate proportion  of  oxygen  in  the  combi- 
nation of  an  acid  with  a metallic  oxyd. 

XXVIII.  It  is  in  confequence  of  this  law, 
that  metallic  folutions  expofed  to  the  air 
grow  turbid,  and  form  a precipitate,  in  pro- 
portion as  the  metallic  oxyd,  by  abforbing 
oxygen  from  the  atmofphere,  becomes  gra- 
dually infolublein  the  acid.  This  is  the  reg- 
ion of  the  decompofition,  which  the  atmo- 
fphere efteds  on  mod  metallic  fulphats  and 
nitrats. 

XXIX.  It  even  frequently  happens,  that 
metallic  oxyds  diflolved  in  acids  read:  by  de- 
grees on  thefe  falts,  and  take  from  them, 
though  in  clofe  vefiels  and  without  the  con- 
tad  of  air,  a portion  of  their  oxygen,  fo  that 
they  foon  feparate,  and  are  precipitated  to  the 
bottom  of  the  folution. 

XXX.  Heat  is  eminently  favourable  to 
this  fucceflive  decompofition  of  acids  by 
metallic  oxyds.  Thus  nitric  folutions,  when 
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heated,  grow  turbid,  or  become  more  and 
more  decompofable  by  air  and  water,  which 
is  particularly  remarkable  in  the  nitric  folu- 
tion  of  mercury. 

XXXI.  There  are  metals  which  have  fo 
great  tendency  to  oxydate  themfelves  with 
acids,  that  they  cannot  remain  united,  or 
form  permanent  folutions  with  them.  This 
is  particularly  the  cafe  with  thofe,  which 
have  the  property  of  becoming  acids,  or 
forming  oxyds  capable  of  combining  with 
alkalies ; as  arfenic,  tungften,  molybdena, 
antimony,  tin,  iron,  &c.  accordingly  we 
find  the  folutions  of  thefe  metals,  efpecially 
in  the  nitric  acid,  are  always  loaded  with 
precipitates,  and  contain  little  or  no  metallic 
oxyd. 

XXXII,  From  what  has  been  laid  it  ap- 
pears, that,  to  form  metallic  .falts,  the  oxyds 
of  metals  muft  remain  united  with  acids,  and 
have  no  tendency  to  feparate  from  them.  It 
is  requifite  too,  that  we  do  not  augment  their 

affinity 
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affinity  for  oxygen,  or  bring  them  into  con- 
tact with  this  principle. 

a 

XXXIII.  Metallic  compound  falts  have 
always,  or  almoft  always,  an  excefs  of  acid  . 
all  of  them  likewife  are  more  or  lefs  acrid  or 
corrofive,  which  ffiows  a tendency  to  be- 
come acid  in  moft  metallic  oxyds. 

XXXIV.  Thofe  properties  of  metallic 
falts  with  which  it  is  of  importance  to  be  ac- 
quainted may  be  included  under  the  follow- 
ing heads. 

i . Figure,  and  it’s  varieties : 2,  fapidity  or 
caufticity,  more  or  lefs  powerful : 3,  altera- 
tion by  means  of  light  : 4,  tufion,  defeca- 
tion, decompofition,  by  means  of  caloiic, 
more  or  lefs  marked  : 5*  delicjuefcence,  ef- 
florefeence,  or  decompofition,  more  or  lefs 
complete,  by  the  adtion  oftheair : 6,  folubility 
in  water,  warm  or  cold  ; decompofition  more 
or  lefs  promoted  by  pure  water ; &c. : 7 , 
decompofition  by  eartns  and  alkalies  j nature 
of  the  metallic  oxyds  precipitated  ; complete 
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precipitation,  or  formation  of  triple  falts, 
partly  alkaline  or  earthy,  partly  metallic:  8, 
alteration  of  the  metallic  oxyds  precipitated, 
at  the  infbant  of  their  precipitation,  either  by 
the  air,  or  by  the  nature  of  the  alkali  em- 
ployed for  the  precipitation,  as  happens  when 
ammoniac  is  ufed  : 9,  reciprocal  alteration 
by  different  acids ; decompofition  taking 
place,  or  not ; affinity  of  acids  for  the  me- 
tallic oxyds ; changes  of  the  oxyds  dilcover- 
able  by  their  colour  1 o,  alteration  by  earthy 
or  alkaline  neutral  falts,  whether  exhibiting 
an  union  without  decompofition,  or  a double 
decompofition  : 1 1 , reciprocal  a&ion  of 

metallic  falts  on  each  other,  announcing  ei- 
ther fimple  union,  a fimple  change  of  bafes 
by  the  acids,  or  a difplacement  of  oxygen 
precipitating  both  the  oxyds,  one  becaufe  it 
is  partly  di  foxy  dated,  the  other  becaufe  it  is 
luperoxy dated,  as  is  the  cafe,  for  example,  in 
the  ufeful  precipitation  of  the  muriatic  folu- 
tion  of  gold  by  the  muriatic  folution  of  tin, 
which  furnifhes  the  purple  precipitate  of 
Caffius  12,  union  with  earthy  or  alkaline 
2 fulphures ; 
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fulphures ; the  formation  of  a kind  of  fuf- 
phurous  ores. 

" * • * 

XXXV.  Metallic  oxyds  have  different 
degrees  of  affinity  with  acids,  and  fome  may 
be  employed  to  decompofe  combinations  of 
others.  Hut  the  different  affinities  of  metals 
for  oxygen  are  the  moft  important  caufe  of 
the  phenomenon  of  the  precipitation  of  me- 
tallic folutions.  Thus  feveral  metals,  by 
taking  oxygen  from  others  diffolved  in  acids, 
occafion  their  reappearance  in  the  metallic 
form ; as  mercury  does  with  filver,  copper 
with  mercury,  iron  with  copper,  zinc  with 
iron,  &c.  Sometimes  metals  do  not  deprive 
metallic  oxyds  diifolved  in  acids  of  all  their 
oxygen  ; which  occurs  when  the  precipitat- 
ing metal  has  no  occafion  for  all  the  oxygen 
of  the  metal  diffolved,  to  affume  it’s  place  in 
the  acid:  Thus  tin,  when  it  precipitates  the 
oxyd  of  gold,  does  not  elicit  from  it  all  the 

i 

oxygen  it  contains,  but  fuffers  it  to  precipi- 
tate in  a peculiar  date  of  oxydation.  Metallic 
oxyds,  in  dividing  oxygen  among  them  in 

new 
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new  proportions,  precipitate  with  properties 
which  deferve  to  be  more  accurately  invefli- 
gated  than  has  hitherto  been  done. 

Application  of  what  has  been  faid  in  this 

Chapter . 

The  preparation  of  all  the  metallic  oxyds 
ufeful  in  the  arts. 

Coloured  glafs,  enamels. 

Metallic  falts  of  ufe  in  the  arts. 

The  effe&s  of  thefe  falts  in  the  arts  in 
which  they  are  employed. 

The  folutionand  parting  of  metals. 

The  precipitation  of  metallic  oxyds  by 
alkalies  and  earth. 

' ■ < 

Thefe  applications  are  in  general  fo  ufe- 
ful and  multifarious,  that  they  cannot  be  ex- 
hibited unlefs  in  the  particular  hiflory  of 
each  metal. 
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CHAP.  X. 

THE  FORMATION  AND  NATURE  OF  VE- 
GETABLE SUBSTANCES. 

I.  THE  fubftances  which  conftitute  the 
texture  of  vegetables  differ  from  mineral 
fubftances  in  this,  that  they  are  of  a more 
complex  order  of  compofition,  and  though 
all  are  extremely  fufceptible  of  decompoli- 
tion  or  analyfis,  not  one  is  an  objedt  of 
fynthehs. 

II.  Nothing  but  the  texture  of  living  ve- 
getables, nothing  but  their  vegetating  organs, 
can  form  the  matters  extracted  from  them  ; 
and  no  inftrument  invented  by  art  can  imi- 
tate the  compofitions,  which  are  formed  in 

the  organic  machines  of  plants. 

* \ 

III.  Though  vegetables  form  all  the  ma- 
terials which  conftitute  their  texture  with 

four 
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four  or  five  natural  fubftances,  caloric,  light, 
water,  air,  and  the  carbon  derived  from 
fome  remains  of  plants  decayed  into  mould, 
vve  find  an  extreme  variety  in  the  properties 
of  thefe  materials.  Thefe  may  be  reduced, 
however,  to  a certain  number  of  principal 
heads,  under  the  name  of  immediate  materials 
of  plants , becaufe  they  are  obtained  from 
them  by  fimple  procefies,  almoft  wholly  me- 
chanical, by  a lbrt  of  diredt  analyfis,  which 

* 

does  not  alter  their  nature. 

IV.  Thefe  matters,  which  are  more  or 
lefs  compound,  are  placed  in  particular  or- 
gans, vefiels,  diflinct  cells,  &c.  Sometimes 
their  feat  is  in  the  root,  or  ftalk,  bark,  and 
leaves,  at  the.  fame  time  : at  others  they  are 
contained  only  in  the  flowers,  fruits,  or 
feeds,  and  even  in  certain  parts  of  thefe 
organs.  This  particular  fituation  of  the  im- 
mediate materials  indicates  the  different  or- 
ganization of  the  texture  of  the  part,  as  the 
caufe  of  the  various  nature  difplayed  by  each 
of  them. 


V.  The 
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- V.  The  different  place  occupied  by  each 
of  thefe  materials  of  vegetables  often  enables 
us  to  obtain  them  eafily  feparate  and  pure. 
It  is  fufficient,  when  this  local  diflribution 
occurs,  to  bruife  and  open  the  velfels  or  cells 
which  contain  them,  and  exprefs  their  liquid 
juices.  Nature  herfelf  frequently  exhibits 
this  reparation  at  thefurfaces  of  plants,  even 
by  the  power  of  vegetation  : thus  the  fap, 
manna,  gum,  refin,  &c.  fpontaneoufly  flow  : 
though  art  is  often  obliged  to  feparate  from 
each  other  feveral  of  thefe  materials  united 
and  confounded  together.  The  means  it 
employs  for  this  purpofe  are  ufually  fimple 
and  eafily  pradtifed  : fuch  as  red,  filtra- 
tion, expreflion,  ablution,  and  difdllation 
with  a gentle  heat,  which  produce  no  altera- 
tion in  the  fubfiances  fubjedted  to  thefe  pre- 
cedes. 

VI.  Among  the  materials  of  vegetable 
bodies  obtainable  by  fimple  means,  which 
change  not  their  nature,  may  be  reckoned 
the  following  fubfiances,  either  fluid  or 
folid : 


i.  The 
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I. 

The  extractive  matter,  or  extra#  : 

2. 

Mucus,  or  mucilage  : 

3- 

Sugar : 

4- 

Effenfial  Silts : 

5- 

Fixed  oil  : 

6. 

Volatile  oil  : 

7- 

Aroma : 

8. 

Camohor : 

i 

9- 

Refin  : 

10. 

Balfam  : 

1 1. 

Gum-refin  : 

I 2. 

Fecula  : 

1 3* 

Gluten  : 

14. 

Colouring  matter  : 

*5* 

Elaflic  gum  : 

16. 

The  ligneous  part. 

Befide 

thefe  fixteen  principles,  a fubftance 

analogous  to  animal  albumen  has  been  dis- 
covered in  the  analyfis  of  vegetables ; and  it 
is  probable,  that  lbme  other  unknown  vege- 
table principles  exift,  as  the  matter  proper 
for  tanning  hides,  or  tannin , 6cc. 
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VII.  It  is  neceffary  here  to  be  fully 
aware,  that,  on  reducing  all  the  fadts  of  ve- 
getable analyfis  to  general  terms,  or  leading 
refults,  nothing  more  has  been  found  in  any 
of  the  plants  hitherto  examined,  than  the 
eighteen  fubftances  abovementioned ; fo  that 
we  may  affirm,  that  they  actually  compofe 
the  texture  of  all  known  vegetables,  and  that 
a very  accurate  analyfis  is  made  of  a vegeta- 
ble, when  we  feparate  thefe  from  it.  Yet 
}t  is  not  to  be  underftood,  that  all  thefe 
eighteen  immediate  materials  are  to  be  found 
in  the  different  parts  of  vegetables,  or  even 
in  each  vegetable  taken  all  together.  There 
are  plants,  all  the  parts  of  which  do  not 
furniffi  fo  many  as  five  or  fix  of  thefe  mate- 
rials : others  contain  eight  or  ten  ; fome  af- 
ford them  all.  But  fuppofing  we  could 
mingle  and  blend  together  even  chemically 
all  the  plants  which  have  ever  occupied  the 
attention  of  the  chemift,  this  mixture,  this 
combination,  confufed  in  appearance,  would 
exhibit  only  the  fixteen  or  eighteen  above- 
mentioned  fubftances,  as  the  refults  of  the 
moft  accurate  and  refined  analyiis ; whence 


we 


we  are  juftified  in  faying,  that  vegetables  are 
formed  of  thefe  immediate  materials. 

VIII.  Each  of  the  materials  above  an- 
nounced has  peculiar  diftinguilhing  proper- 
ties, among  which  thofe  that  can  mark  it’s 
characters,  and  render  it  eafily  difcernible 
from  the  reft,  Ihould  be  feledted.  It  is  bv 
no  means  impoffible,  to  treat  this  fubjedt 
after  the  manner  of  botanifts,  and  to  have 
but  one  charadteriltic  or  fpecific  phrafe  for 
each  of  thefe  materials  : and  though  this 
method  has  never  yet  been  propofed  or 
executed  in  chemiftry,  I fhall  endeavour  to 
prefent  a fketch  of  it  in  the  fucceeding  fac- 
tions , as  I have  already  done  with  refpedt  to 
acids  and  compound  falts. 


Char  afters  of  the  immediate  materials  of  ve- 
getables* 

IX.  Extractive  matter,  or  ex- 
tract : dry;  brown  ; a little  deliquefcent; 
foluble  in  water  ; obtained  from  the  juices  of 


vege- 
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vegetables  by  infpiffation,  or  from  decoctions 
or  infufions  of  them  by  evaporation  ; af- 
fording by  diflillation  an  acid,  a little  ammo- 
niac, and  fome  oil  ; abforbing  oxygen  from 
the  atmofphere,  and  by  this  abforption  be- 
coming gradually  infoluble  ; erroneoufly 
coniidered  as  a native  foap ; compofed  of 
carbon,  hydrogen,  azot,  and  oxygen,  and  al- 
ways tending  to  abforb  more  of  the  laft  than 
it  contains  in  it’s  primitive  ftate. 

r 4 
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X.  Mucus,  or  mucilage:  an  agglu- 
tinative, vifcous,  inlipid  fubftance  ; af- 
fording much  pyromucous  acid  on  diflilla- 
tion  ; foluble  in  both  warm  and  cold  water ; 
abforbing  no  oxygen  from  the  atmofphere ; 
drying  and  becoming  brittle  in  the  form  of 
gum ; exifting  in  roots,  young  ftalks,  and 
leaves  ifl'uing  from  the  bark  of  trees  by 
exprefiion  $ gluing  their  fibres  together. 

XI.  Sugar  : fiipid  and  agreeable  to  the 
tafte ; cryftallizable,  foluble,  and  fermenta- 
ble ; in  mofl;  circumftances  refembling  mu- 
cilage, but  differing  from  it  in  the  property 

L of 
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of  fermenting  and  forming  alcohol.  Both 
mucilage  and  lugar  are  compounds  of  car- 
bon, hydrogen,  and  oxygen  j differing  from 
extract,  i ft,  by  pofteflliig  a fmaller  propor- 
tion of  hydrogen,  on  which  account  they 
do  not  abforb,  like  extradl,  the  oxygen  of 
the  atmofphere ; 2dly,  by  the  abfence  of 
azot,  whence  they  afford  no  ammoniac  on 
diftillation. 

XII.  Essential  salt:  comprehend- 
ing the  vegetable  acids,  formed  in  general  of 
hydrogen  and  carbon  more  oxygenated  than 
in  the  three  preceding  principles : accord- 
ingly thefe  are  convertible  into  acids  by  the 
addition  of  oxygen.  Vegetable  acids,  how- 
ever numerous  they  may  be,  appear  to  differ 
only  in  the  proportion  of  their  three  princi- 
ples : they  are  all  decompofable  by  fire,  ca- 
pable of  being  converted  into  each  other, 
and,  on  an  ultimate  analyfis,  are  reducible  to 
water  and  carbonic  acid  by  the  addition  of 
oxygen,  See  Chap.  VII. 
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XIII.  Fixed  oil:  formerly  called  grofs 
or  exprcjfed  oil*,  thick,  fweet,  inodorous; 
burning  when  volatilized ; forming  foap 
with  cauflic  alkalies  ; mixed  with  a muci- 
lage named  the  fweet  principle  of  oils  by 
Scheele  ; infpiflating  and  becoming  concrete 
by  the  contad  of  air  and  abforption  of  oxy- 
gen ; experiencing  the  fame  effeds  by  the 
adion  of  acids  and  metallic  oxyds ; com- 
pofed  of  carbon,  hydrogen,  and  a little  oxy- 
gen. It  differs  from  the  preceding  com- 
pounds in  containing  a larger  proportion  of 
hydrogen  : whence  arife  it's  combuflibility, 
and  it’s  property  of  being  converted  into 
water  and  carbonic  acid,  when  it  burns  with 

. t*'  s . * X 

a fufficient  quantity  of  air,  as  it  does  in  the 
hollow  wicks  furrounded  on  all  fides  with 
air,  which  conflitute  Argand’s  lamp. 

XIV.  Volatile  oil:  heretofore  named 
ejjential  oil,  or  ejfence : highly  acrid,  highly 
odoriferous ; entirely  reducible  to  vapour  at  a 
heat  of  184°  ; combining  difficultly  with 
alkalies  ; capable  of  being  fet  on  fire  by 
acids ; infpilfating  to  a refm  by  the  adion  of 

L 2 oxygen  ; 
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oxygen ; burning  more  rapidly,  and  affording 
more  water,  than  fixed  oil,  and  admitting 
more  fpeedily  the  precipitation  of  its  char- 
coal, which  forms  lamp-black. 

XV.  Aroma  : formerly  called  fpiritus 
reEior:  a very  volatile  principle,  reducible 
to  vapour  by  the  ordinary  heat  of  the  air,  and 
forming  an  atmofphere  round  plants ; paf- 
iing  over  with  water  in  diftillation  in  bahieo 
Marie ? ; fometimes  of  an  inflammable  nature, 
at  others  difplaying  faline  properties,  unit- 
ing with  alcohol,  fixed  oils,  vinegar,  &c. ; 
forming  by  thefe  combinations  what  are  cal- 
led in  pharmacy  diftilled  waters ; contribut- 
ing by  it’s  prefence  to  the  quantity  of  vola- 
tile oil  diftilled  from  plants,  and  bearing  fo 
great  analogy  to  it,  that  they  have  been  con- 
founded together.  The  nature  of  aroma  is 
not  accurately  known ; fome  begin  to  fuf- 
pedt,  that  it  is  not  a diflindt  body,  a fingle 
principle  difengaged  from  vegetable  matters, 
but  thefe  matters  themfelves  in  fubflance 
reduced  to  a ftate  of  vapour. 

XVI. 
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XVI.  Camphor:  a matter  now  recog- 
nized  in  a number  of  vegetables,  and  claim- 
ing to  be  reckoned  among  their  immediate 
principles;  of  a concrete  and  cryftalline 
form;  very  volatile ; burning  with  the  e- 
miffion  of  fmoke ; foluble  in  a large  quantity 
of  water,  in  alcohol,  and  in  ether;  exiffing  in 
feveral  volatile  oils ; contained  pure  in  the 
trunk  and  leaves  of  the  fpecies  of  laurel  which 
furniffies  it ; too  little  known  yet  with  regard 
to  it’s  intimate  nature ; yielding  a peculiar 
acid  by  means  of  the  nitric. 

XVII.  Resin  : a foft  or  dry  fubflance; 
little  odorous  ; combuftible ; foluble  in  al- 
cohol, but  not  in  water;  uniting  difficultly 
with  alkalies ; little  alterable  by  acids ; ori- 
ginating from  infpiffated  volatile  oil,  and 
appearing  to  differ  from  it  only  by  a larger 
portion  of  oxygen. 

% 

XVI II.  Balsam  : refin  united  with  ben- 
zoic acid ; more  odoriferous  than  pure  refin; 
affording  it’s  acid  in  a concrete  Bate  by  the 
agency  of  fire  and  water ; yielding  it  to  al- 
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kalies  or  earths;  and  approaching  to  refin 
after  having  loft  it’s  acid. 

XIX.  Gum-resin:  a concrete  juice ; 
partly  foluble  in  water,  and  forming  with  it 
a kind  of  emulfion,  as  it  does  with  vinegar, 
which  has  been  fuppofed  it’s  univerfal  men- 
ftruum,  but  ilill  more  foluble  in  alcohol ; 
not  exuding  naturally  from  vegetables  like 
refin,  but  extracted  from  their  ruptured  vef- 
fels,in  the  form  of  a white  or  coloured  juice, 
of  a fetid  fmell  more  or  lefs  refemhling  gar- 
lic. , ' 

XX.  Fecul  a : a pulverulent,  dry,  white, 
infipid,  cothbuftible  matter;  affording  much 
pyromucous  acid  on  diftillation  ; foluble  in 
boiling  water,  and  forming  a jelly  with  this 
liquid ; convertible  into  the  oxalic  and  malic 
acids  by  means  cf  nitric  acid;  exi fling  in 
all  the  white  and  brittle  parts  of  vegetables, 
particularly  in  tuberofe  roots  and  gramineous 
feedsN;  conffituting  the  bafe  of  the  nourifh- 
ment  of  animals,  and  difpofedto  become  rea- 
dily a principle  of  their  bodies. 
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XXI.  Gluten  : an  elaflic,  dudlile  body, 
as  if  fibrous  or  membranous ; infoluble  in 
water”;  flightly  foluble  in  alcohol ; affording 
aconfiderable  quantity  ofammoniacon  diftil- 
lation ; putrefcible  like  animal  matter ; turning 
yellow  like  it  on  the  contact  of  nitric  acid  ; 
convertible  by  this  acid  into  oxalic  acid;  oc- 
cafioning  the  difference  between  the  farina 
of  wheat  and  other  farinaceous  fubffances, 
and  bellowing  on  it  the  capability  of  being 
made  into  a pafte. 

XXII.  Colouring  matter  : always 
attached  to  one  or  other  of  the  preceding  ma- 
terials ; appearing  variable  in  it’s  nature ; 
fometimes  foluble  in  water,  at  others  attack- 
able only  by  alkalies,  oils,  or  alcohol;  indebted 
for  the  diverlity  of  it’s  properties  to  the  dif- 
ferent quantities  of  oxygen  fixed  in  it;  pof- 
fefling  an  affinity  of  attraction  for  alumen, 
oxyd  of  tin,  &c.  ; and  capable  of  combining 
more  or  lefs  intimately  with  the  textures  of 
vegetables  and  animals. 
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XXIII.  Elastic  gum:  analogous  to 
gum-redn  ; appearing  to  exiffc  in  feveral  ve- 
getables; remarkable  for  the  extenlibility 
and  eladicity  it  retains  after  dedccation  ; af- 
fording ammoniac  when  diddled  ; diffudng 
a fetid  fmell  when  burned;  having  been  at 
frd  in  the  form  of  a white  milky  fluid,  and 
converted  fiom  that  date  to  an  elaflic  folid 
by  the  abforption  of  atmofpheric  oxygen. 

XXIV.  The  ligneous  PART,orwooD  : 
a matter  too  much  neglected  hitherto  by  che- 
mifts;  condituting  the  folid  bads  of  all  ve- 
getables, but  far  more  abundant  in  thofe 
which  aie  hard;  erroneoufly  conddered  as 
an  earth;  infoluble  in  water ; affording  on 
dift illation  the  peculiar  acid  called  pyrolig- 
neous ; containing  a large  quantity  of  carbon; 
pairing  to  the  date  of  three  or  four  acids  by 
the  adtion  of  the  nitric;  and  appearing  to  be 
the  lad  produdt  of  vegetation, 

XXV.  From  what  has  been  exhibited 
above  refpedting  the  immediate  and  known 
materials  of  vegetables,  it  follows,  that  they 
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are  all  reducible,  on  an  ultimate  unalyiis,  to 
three  or  four  principles,  which  are  tneir  pri- 
mitive component  parts ; namely  hydrogen, 
carbon,  oxygen,  and,  in  many,  azot  j and 
that  they  differ  from  each  other  only  in  the 
various  proportions  of  the  elements  from 
which  they  are  formed.  Now  if  we  invefti- 
gate  by  fimple  calculation  the  number  of 
different  compounds,  that  may  refult  from 
the  union  of  three  or  four  principles  in  every 
poffible  proportion,  we  fhall  find,  that  a 
much  larger  number  might  exift.  But  as 
each  of  the  ternary  or  quaternary  composi- 
tions which  constitute  the  immediate  mate- 
rials of  vegetables  admits,  as  far  as  it  appears, 
a certain  latitude  of  proportions,  while  re- 
taining it’s  general  nature  of  extract,  muci- 
lage, oil,  acid,  refin.  See.,  it  is  eafy  to  con- 
ceive, that  the  different  proportions  of  the 
principles  included  within  thefe  feveral  lati- 
tudes Set  bounds  to  the  vail,  immeafurable 
variety  of  colour,  fmell,  tafle,  and  confiften- 
cy,  which  are  oblervable  in  all  the  materials 
of  vegetables,  and  which  men  difeern  in  Such 
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of  them  as  they  employ  in  their  food,  gar- 
ments, habitations,  &c. 

XXVI.  On  the  fame  confideration  it  will 
not  be  more  difficult  to  conceive,  that  vege- 
tables muft  vary  in  the  nature  and  fpecific 
properties  of  their  materials,  according  to 
the  feveral  periods  of  their  vegetation ; that 
they  can  never  remain  in  the  fame  ftate ; and 
that  the  different  fcenes  exhibited  in  the  pe- 
riods of  germination,  leafing,  bloffoming, 
fructification,  and  maturity,  which  confti- 
tute  vegetable  life,  muft  be  accompanied  and 
marked  by  internal  change,  as  they  are  by 
external  appearance.  Of  this  the  varioufly 
modified  talle,  inceffantly  changing  colour, 
fmell  not  more  ftable,and  difference  of  texture, 
which  characterize  the  feveral  epochs  of  ve- 
getation, afford  inconteftible  proofs. 

i'  • 4 
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XXVII.  A new  advantage  arifing  from 
the  prefent  philofophy  of  chemiftry  is  the 
having  thus  diftinguifhed  the  nature  of  the 
materials  of  plants,  far  more  complex  than 
that  of  mineral  fubftances.  Theacquifition 
2 , of 
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of  this  knowledge  leads  to  an  appreciation 
of  the  changes  wrought  in  vegetable  matters 
by  different  chemical  agents.  Thus  we  can 
no  longer  profefs  ourfelves  ignorant  of  the 
action  of  the  deftrudtive  agent  fire  on  vege- 


table fubftances.  From  the  preceding  con- 
fiderations  are  underftood  how,  when  a com- 


plete vegetable,  or  any  one  of  it’s  different 
products,  is  fubjedied  to  the  adlion  of  fire, 
caloric  tends  to  reduce  thefe  complicated 
compounds  to  more  fimple  ones,  by  occa- 
fioning  the  union  of  their  principles,  two 
and  two  together,  in  proportions  very  differ- 
ent from  thofe  which  before  obtained.  By 
gently  heating  them,  the  hydrogen  is  extri- 
cated, which  burns  alone,  and  much  carbon 
remains  : if  they  be  ftrongly  heated,  the  car- 
bon is  difengaged  at  the  fame  time  with  the 
hydrogen,  they  both  burn  in  the  air,  and  the 
only  refiduum  left  confifts  of  that  fmall 
quantity  of  earth  and  falts,  which  conftitutes 
vegetable  allies* 


XXVIII.  All  the  immediate  materials  of 
vegetables  being  reducible  in  their  ultimate 

analyfis 
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analyfls  to  three  or  four  original  principles, 
namely,  hydrogen,  carbon,  oxygen,  and  a 
little  azot  in  fome  of  them ; this  analyfis 
moreover  anfwering  with  the  utmod  prec;- 
fion  to  the  manner  in  which  vegetables  are 
nourifhed,  grow,  fpread,  and  perpetuate  their 
fpecies,  fince  we  know,  that  vegetation,  to 
take  place,  requires  only  thefe  fimple  princi- 
ples; nothing  more  remains,  but  to  find  how 
plants  appiopriate  thefe  forts  of  elements, 
and  combine  them  in  their  organic  drainers, 
to  compofe  the  different  fubftances,  the  pro- 
perties of  which  have  been  announced. 

v j 

XXIX.  It  appears  beyond  all  doubt,  that 
water  is  the  fource  whence  vegetables  de<ive 
their  hydrogen ; that  they  decompofe  this  fluid 
in  their  leaves,  by  the  help  of  the  folar  light, 
abforb  it’s  hydrogen,  which  becomes  fixed  in 
them  in  the  date  of  oil,  or  extrad,  or  muci- 
lage, &c.,  and  feparate  it's  oxygen,  a great 
part  of  which,  being  didolved  in  light  and 
caloric,  flies  ofF in  the  date  of  vital  air.  But 
a portion  of  the  oxygen  of  the  water  is  fixed 

at 


✓ 


( 1S7  ) 

»>  ' 

at  the  fame  time  in  the  texture  of  the  vege- 
table, in  which  it  is  retained  chiefly  by  the 
carbon. 

XXX.  It  is  not  fo  eafy  to  account  for  the 
carbon  that  exifts  in  vegetables.  Some  na- 
tural philefophers  fuppofe,  that  vegetables- 
decompofe  carbonic  acid  at  the  fame  time 
with  water,  and  abforb  it’s  carbon  : but 
this  fuppofition  is  not  proved,  though  it  has 
acquired  Hrength,  fmce  the  decompofition  of 
carbonic  acid  combined  with  foda  by  means 
of  phofphorus  has  been  difcovered.  Other 
chemifls  are  of  opinion,  that  vegetable  earths, 
mould,  dung,  and  particularly  the  water  of 
dunghills,  furnifli  the  carbon,  attenuate,  and 
even  diflolved  in  water ; that  plants  abforb 
this  principle  by  their  roots  j and  that  they 
do  not  extract  it  from  carbonic  acid.  Ac- 
cording to  this  hypothecs,  manure  affords 
only  carbon,  and  the  water  of  it  is  nothing 
more  than  a faturated  folution  of  this  prin- 
ciple. To  thefe  data  we  mu  ft  reftrain  at 
prefers t the  theory  of  vegetation. 
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Applications  of  the  Re/alts  of  the  tenth 

Chapter . 

The  applications  of  the  refults  delivered 
in  this  chapter  are  extremely  multifarious ; 
they  relate  to  agriculture,  rural  economy, 
pharmacy,  materia  medica,  and  all  the  arts 
in  which  vegetable  fubftances  are  employed. 
The  following  is  a flight  fketch  of  the 
principal  features  of  thefe  important  appli- 
cations. 

Germination. 

The  developement  of  leaves. 

Blofloming. 

Fructification. 

The  maturation  of  fruits  and  feeds. 

The  fuccefiive  formation  of  gum,  extraCt, 
oil,  refin,  falts,  fugar,  the  colouring 
matter,  and  wood,  in  the  different  pe- 
riods of  vegetable  life. 

The  growth  of  the  woody  fubftance, 
bark,  &c. 

The  pharmaceutical  preparations  of  juices, 
extracts,  eflential  lalts,  mucilages,  oils, 

refins. 
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refins,  gum-refms,  aromatic  waters, 
&c. 

The  arts  of  the  fugar-maker,  confec- 
tioner, miller,  baker,  ftarch-maker, 
vine-drefler,  brewer,  diftiller,  varnifher, 
dyer,  paper-maker,  indigo-maker,  co- 
lour-man, flax-man,  perfumer,  oil- 
man, foap-boiler,  maker  of  charcoal, 
&c. 
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CHAP.  XI. 

Of  the  formation  and  nature  of 

ANIMAL  SUBSTANCES:  THE  THEORY 

♦ f * 

OF  ANIMALIZATION. 

I.  IT  is  an  eftablifhed  truth,  that,  with- 
out  the  aid  of  vegetables,  animals  cannot 
fupport  their  exigence : accordingly  it  has 
long  been  faid  in  natural  hiftory,  that  vege- 
tables are  formed  from  minerals,  and  ani- 
mals from  vegetables.  But  if  this  truth 
have  been  long  known,  the  mode  in  which 
thefe  bodies  are  changed,  or  reciprocally 
converted  into  each  other,  has  never  yet 
been  afcertained.  On  this  point,  however, 
the  labours  of  chemifts  fhould  be  principally 
exerted  : for,  were  this  problem  once  folved, 
it  would  lead  us  to  a precife  knowledge  of 
all  that  concerns  the  animal  economy  : and 
fome  refults  conducive  to  this  grand  inquiry 
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are  already  afforded  us  by  modern  difcove- 
ries. 

II.  The  mod;  certain  means  of  folving 
this  important  problem  are  unqueftionably 
iirff  to  acquire  an  accurate  knowledge  of 
animal  fubftances,  to  compare  them  with 
thofe  of  the  vegetable  kingdom,  and  to  invef- 
tigate  with  care  their  difference  or  analogy. 
There  is  no  doubt,  were  thefe  differences 
once  well  known,  they  would  enable  us 
to  underftand  the  caufe  from  which  they 
arife. 

III.  If  we  compare  the  refults  of  all  the 
modern  analyfes  made  of  the  blood  and 
humours,  and  of  the  folid  parts  which  ma- 
nifeftly  originate  frcm  the  concretion  of 
thefe,  we  fliall  find,  that  animal  fubftances 
differ  from  vegetable  fubftances  in 

A.  The  property  of  affording  a confider- 
able  portion  of  ammoniac,  and  very  fetid 
produ&s,  by  the  action  of  fire  : 
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B.  In  that  of  putrefying  more  eafily,  and 
more  fpeedily,  and  giving  out  a far  more 
noifome  fmell : 

C.  In  yielding,  when  a&ed  upon  by 
nitric  acid,  much  more  azotic  gas  : and 

D.  In  contributing  Angularly  to  the  for- 
mation of  nitric  acid. 

IV.  All  thefe  differences  feem  to  depend 
only  on  the  prefence  of  one  principle  in  ani- 
mals far  more  abundantly  than  in  vege- 
tables ; which  is  azot.  It  may  be  faid, 
therefore,  that  the  addition  of  azot  to  vege- 
table matters  would  fuffice  to  convert  them 

into  animal  fubffances. 

\ 

V.  Yet  it  is  proper  to  obierve,  that  to  thefe 
primary  differences,  which  may  be  termed 
capital  ones,  fome  other  particular  pheno- 
mena may  be  added,  the  influence  of  which, 
though  undoubtedly  inferiour,  on  the  animal 
compoiition,  ought  by  no  means  to  be  neg- 
lected. Such,  among  others,  is  the  prefence 
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of  phofphoric  acid,  and  the  different  phof- 
phats,  particularly  thofe  of  foda,  lime,  and 
ammoniac,  in  the  animal  humours.  To  thefe 
halts  are  owing  the  peculiar  quality  of  the 
coal  of  animal  lubflances,  efpecially  it’s 
being  almoft  incombuflible. 

VI.  The  peculiar  principle,  which  is  fo 
abundant  in  thefe  fubflances,  and  more  ef- 
pecially renders  them  different  from  vege- 
table matter,  azot,  appears,  then,  to  be 
the  efficient  caufe  of  the  properties  which 
diftinguilli  them,  and  particularly  of  that 
fort  of  concrefcibility,  or  plaflicity,  which 
will  foon  be  confidered  more  at  large.  It 
may  be  affirmed,  therefore,  that,  if  we 
were  to  deprive  animal  fubflances  of  azot, 
they  would  become  again  in  fome  meafure 
vegetables ; as,  to  convert  the  latter  into 
animal  fubflances,  it  is  fufficient  to  com- 
bine  with  them,  or  introduce  into  them, 
azot. 

VII.  Thus  all  the  matters  which  form 
the  bodies  of  animals  may  be  confidered  as 
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fo  many  immediate  principles,  as  was  done 
in  the  preceding  chapter  with  regard  to 
vegetables.  In  the  fame  manner  each  of 
thefe  principles  ought  to  be  characterized  by 
the  enumeration  of  it’s  moft  finking  pro- 
perties. If  we  fo  examine  and  deferibe  the 
blood,  milk,  bile,  fat,  urine,  &c.,  and  the 
fblids  of  animals,  we  fhall  obtain  a compa- 
rative fcale,  which  will  exhibit  the  relations 
and  differences  that  form  the  objeCt  of  our 
fearch . 

VIII.  Blood:  a red  fluid ; warm  at  a 
temperature  of  930  in  man,  quadrupeds, 
and  birds  ; at  the  temperature  of  the  me- 
dium they  inhabit  in  oviparous  quadrupeds, 
ferpents,  and  fillies  fweetifh ; coagulable 

by  cold  ; mifcible  with  water  $ feparating 

/ 

almofl  fpontaneoufly  into  three  different  fub- 
flances,  white  ferum,  red  ferum  or  the 
colouring  part,  and  fibrous  matter  ; exhibit- 
ing in  each  of  thefe  fub fiances  diflinguifhing 
characters,  namely,  in  the  ferum,  alkalinity, 
coagulability  by  fire,  metallic  oxyds,  &c., 
coagulability  owing  to  the  more  intimate 

combi- 
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combination  of  oxygen  ; the  fame  general 
nature  in  the  red  ierum,  which  differs  from 
the  white  only  in  the  prefence  of  oxyd  of 
iron;  in  the  fibrous  matter,  or  fibrin,  fpon- 
taneous  concrefcibility,  and  lolubility  in  al- 
kalies. Thefe  principal  characters  ought  to 
be  confidered  in  the  whole  of  the  blood, 
which  appears  to  be  the  primary  principle 
of  all  animal  fubftances,  the  common  origin 
of  all  the  humours  and  of  all  the  folids.  It 
has  been  called  fluid  fiefh,  in  confequence  of 
the  fibrin,  which  concretes  in  it  on  cooling. 
The  caufe  of  it’s  heat  has  been  difcovered 
in  the  alteration  and  abforption  of  vital  air 
in  refpiration  : and  the  renovation  of  the 
blood  by  the  chyle,  and  the  converfion  of 
the  chyle  into  animal  matter,  have  in  like 
manner  been  found  to  originate  from  the 
extrication  of  a confiderable  quantity  of 
carbon  and  hydrogen,  which  appears  to  take 
place  in  the  lungs. 


IX.  Milk  : a white  fluid,  bland  and 
faccharine,  formed  of  ferum,  cheefe,  and 
butter,  intimately  mixed,  and  exhibiting  a 
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true  animal  emulfion.  In  theferum  of  milk 
we  Should  particularly  notice  the  fubSlance 
called  fugar  of  milk,  which  may  be  faid 
to  have  the  character  only  of  an  incipient 
fugar,  and  the  quantity  of  phofphat  of  lime, 
more  abundant  than  in  the  other  humours, 

i 

which  feems  to  indicate,  that  nature  thought 
fit  to  place  in  the  firfl  nourishment  of  ani- 
mals a quantity  of  offeous  bale,  with  a view 
to  the  neceffary  celerity  of  the  formation  and 
growth  of  the  bones  in  the  earlieft  Stage  of 
their  lives.  The  cheefe  is  a true  albuminous 
matter.  The  butter  is  a concrete  oil,  the 
folidity  of  which,  and  it’s  eafy  feparation 
from  the  milk  by  Simple  agitation,  appear 
owing  to  the  ablorption  of  atmofpheric 
oxygen  during  the  formation  of  the  cream. 

X*  Bile:  an  oily  fiponaceous  fluid; 
compofed  of  an  oil  approaching  the  Slate  of 
Spermaceti  and  foda,  mingled  with  albumi- 
nous fluid  ; formed  in  the  liver,  a vifcus 
which  itfelf  contains  a large  quantity  of  oil. 
In  the  Sytiem  of  the  voluminous  gland  juft 
mentioned,  every  thing  indicates  a difpofi- 
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tion,  an  organization,  defigned  to  feparate 
from  the  blood  the  large  portion  of  fat, 
which  arifes  from  the  retardation  of  this 
fluid  in  the  venous  fyftem  of  the  abdomen. 
This  confideration,  deftined  fome  day  to  be- 
come one  of  the  principal  bafes  of  the  phy- 
fiology  hinted  at  above,  accounts  for  the 
bulk  of  the  liver  in  the  fetus  which  has 
not  breathed,  as  well  as  in  animals  which 
have  no  refpiratory  organ  fimilar  to  thofe  of 
man,  birds,  and  quadrupeds.  It  alfo  ex- 
plains the  origin  of  fome  difeafes  of  the 
liver,  particularly  of  it’s  concretions,  or  gall- 
ilones. 

XI.  Fat  : a fort  of  oily  matter  formed 
at  the  extremities  of  the  arteries,  and  as 
far  as  may  be  from  the  centre  of  motion  and 
animal  heat ; affording  a kind  of  refervoir,  in 
which  that  large  quantity  of  hydrogen  which 
could  not  be  evacuated  by  the  lungs  be- 
comes fixed  ; an  oil  united  to  a confidera- 
ble  portion  of  oxygen,  and  containing  be- 

fides  febacic  acid.  This  manner  of  confi- 
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dering  fat  is  one  of  the  mod  ftriking  points 
of  modern  phyfics  as  it  regards  animals. 

XII.  Urine:  an  excrementitious  fluid ; 
more  or  lefs  coloured,  acrid,  and  faline  ; re- 
markable for  the  large  quantity  of  free  phof- 
phoricacid,  and  phofphat  of  foda,  ammoniac, 
and  lime,  which  it  contains,  and  dill  more  fo 
for  the  prefence  of  a peculiar  acid,  not  yet 
found  in  any  other  animal  humours,  which 
is  now  called  the  lithic,  becaufe  it  forms  the 
balls  of  the  dones  of  the  kidneys  and  blad- 
der, which  caufe  the  difeafe  known  by  the 
name  of  lithiafis. 

Urine  has  been  the  fource  of  difcoveries 
highly  valuable  to  the  chemift,  and  muft  be 
of  others  dill  more  valuable  to  the  phyfician. 
Conlidering  it  firftas  a lixivium,  defigned  to 
carry  out  of  the  body  a large  quantity  of  faline 
matters,  which  would  injure  the  due  exercife 
of  it’s  functions,  we  mud  not  forget  that  it  is 
an  evacuation,  the  proportion  of  the  principles 
of  which,  varying  according  to  the  date  of 
the  body,  becomes  a kind  of  dandard  to  Ihow 
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the  modifications  of  the  body,  in  health  or 
ficknefs,  by  a feries  of  obfervations,  which 
phyficians  have  already  commenced  underfor- 
tunate  aufpices.  We  fhould  confider  it,  too, 
as  always  containing  the  matter  of  renal  and 
vefical  concretions,  which  feem  to  require  for 
their  formation  only  a little  longer  iefidence 
in  the  refpective  organs  tha-n  nature  intend- 
ed, or  the  prefence  of  a nucleus,  which  at- 
tradts,  in  fome  meafure,  the  fucceflive  lithic 
ftrata.  We  muft  alfo  obferve  the  propor- 
tions of  the  different  principles  in  the  urine, 
particularly  of  the  uncombined  acids  it  con- 
tains, and  the  phofphat  of  lime  which  it  car- 
ries along  with  it ; for  thefe,  differing  remark- 
ably in  difeafes  of  the  joints,  the  aponeurofes, 
and  the  bones,  will  at  fome  future  period 
become,  in  the  hands  of  fkilful  oblervers, 
new  means  of  difcovering  the  nature  of  thefe 
complaints,  afcertaining  their  progrefs,  and 
perhaps  infuring  their  cure. 

XIII.  Little  can  be  faid  here  of  the  other 
animal  fluids,  fuch  as  the  infenflble  perfpira- 
tion,  fweat,  the  gaflric juice,  faliva,  tears,  the 
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mucus  of  the  nafH  the  cerumen,  the  feminal 
liquor,  &c.,  becaufe  none  of  thefe  fluids 
have  yet  been  much  examined.  All  have 
unqueftionably,  their  peculiar  compofition, 
and  differ  in  fome  points,  particularly  in  the 
proportion  of*  their  .principles.  Some  of 
thefe  humours,  with  .which  modern  experi- 
ments have  rendered  us  a little  better  ac- 
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quainted,  exhibit  the  union  of  a peculiar 
mucilage  with  water,  pure  foda,  phofphat 
of  lime,  and  phofphat  of  foda : fuch  are  the 
tears,  the  nafal  mucus,  and  the  fpermatic 
fluid.  Of  thefe  the  firft  and  fecond  difplay 
likewife  the  property  of  infpiffating  by  the 
contact  of  the  , air  and  the  abforption  of  oxy- 
gen, which  probably  conflitutes  the  maturity 
as  it  is  called  of  the  humours  in  catarrh, 
whether  it  be  confined  to  the  nofe 
and  fauces,  or  extend  to  the  lungs.  The 
feminal  liquor  has  offered  us  the  lingular 
phenomenon  of  the  cryffallization  of  phof- 
phat of  lime,  which  was  never  before 
known. 
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XIV.  On  confidering  the  whole  of  the 
folid  matters  which  compofe  the  various 
textures  of  the  different  organs  of  animals, 
the  fub fiances  of  which  they  are  formed 
may  be  divided  into  three  principal  genera  : 
the  firft  comprehends  the  albumen  ; the  fe- 
cond,  the  gelatin,  or  gelatinous  matter ; 
the  third,  the  fibrin,  or  fibrous  matter  : two 
ofthefe  have  already  been  diflinguifhed  under 
the  article  of  blood,  in  the  eighth  feCtion  of 
this  chapter.  I fhall  do  no  more  here  than 
give  a concife  fketch  of  the  conflant  pheno- 
mena, which  may  be  confidered  as  the  cha- 
racters of  each  of  thefe  genera. 

GENUS  I. 

Albumen  ; coagulable  by  heat,  acids, 
oxyds,  and  in  general  by  oxygen  in  a con- 
crete or  nearly  concrete  date ; loluble  by 
alkalies ; found  more  or  lefs  condenfed  or 
oxygenated,  and  interwoven  in  the  mem- 
branes, tendons,  cartilages,  and,  in  general, 
all  the  white  parts  of  animals. 
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GENUS  IL 

Gelatin  : participating  the  folidity  of 
the  firft  in  molt  cf  the  white  organs,  but 
capable  of  being  feparated  from  it,  and  eafily 
diffolved  by  boiling  water,  to  which  it  gives 
the  form  of  a jelly  on  cooling.  As  it  con- 
ifitutes  the  bafe,  or  principal  part,  of  all  the 
white  organs  in  general,  thefe  are  more  or 
lefs  completely  foluble  in  boiling  water,  and 
form  tranfparent  jellies  by  the  refrigeration 
of  thefe  folutions. 

GENUS  III. 

FiBRiN  : infoluble  in  water,  at  any  tem- 
perature; foluble  in  acids ; containing  a large 
quantity  of  azot ; condenfed,  concrete,  and 
orgar.ifed,  in  mufcular  fldh,  which  may  be 
regarded  as  the  proper  receptacle  of  all  the 
fibrin  contained  in  the  blood  : accordingly, 
confiderin^  the  mufcles  as  the  fecretorv  or- 
gans  of  the  fibrous  matter  of  the  blood,  we 
ought  to  inveftigate  all  it’s  modifications, 
with  idpedt  to  the  quantity  or  proportion 
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which  fixes  in  thefe  organs,  and  more  parti- 
cularly with  regard  to  their  apparent  exclu- 
lion  of  it  under  various  circumftances  of 
difeafe,  old  age,  6 cc. 

XV.  Thefe  three  matters,  albumen,  ge- 
latin, and  fibrin,  in  a ftate  of  concretion,  of 
combinations  of  two  and  two  or  all  three  to- 
gether, and  efpecially  in  different  propor- 
tions, form  all  the  folids  of  animals,  and  are 
feparable  from  each  other  by  a fimple  and 
eafy  analyfis  : they  alfo,  particularly  the 
albumen,  form  many  of  the  fluids  of  ani- 
mals ; only  in  thefe  they  contain  lefs  oxy- 
gen, more  water,  and  are  combined  with 
acids,  neutral  falts,  &c.  It  muff  be  ob- 
ferved,  that  in  the  fluids  the  gelatin  is 
as  deficient  as  in  the  folids  it  is  abundant, 
appearing  to  acquire  it’s  nature  of  gelatin 
in  pafling  from  the  fluids  to  the  fo- 
lids. Albumen  diffolved  in  acids  by  art  af- 
fumes  properties  analogous  to  thofe  of  gela- 
tin. 
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XVI.  The  folid  animal  matter,  or  bony 
fubflance,  is  of  another  order  of  compofi- 
tion.  A large  quantity  of  an  earthy  fait, 
almofl  wholly  infoluble,  phofphat  of  lime, 
is  amaffed  in  the  texture  or  primitive  paren- 
chyma of  the  bones.  This  is  the  whole 
my  fiery  cf  the  flrudlure  and  compofltion  of 
this  part  of  the  animal  frame ; and  for  this 
reafon  bones  yield  jelly  on  being  boiled  in 
water,  and  a confiderable  quantity  of  oil  and 
ammoniac  on  diflillation  ; and  when  tho- 
roughly calcined,  or  burnt,  they  are  no- 
thing more  than  calcareous  phofphat, 
mingled  with  fome  fmall  portions  of  car- 
bonat,  muriat,  and  phofphat  of  foda. 

XVII.  When  any  one  of  the  preceding 
animal  matters,  particularly  of  the  con- 
denfed  white  fluids,  or  white  organs,  is 
treated  with  nitric  acid,  there  will  be  extri- 
cated a more  or  lefs  confiderable  quantity  of 

' azotic  gas,  and  of  pruflic  ’acid  gas,  which 
appears  to  be  nothing  but  a combination  of 
azot,  hydrogen,  and  carbon,  with  a little 
oxygen.  Gelatin  yields  the  leaft,  albumen 
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fomewhat  more,  and  fibrin  the  mod:.  In 
proportion  as  this  change  of  combinations 
in  the  principles  of  animal  matters  is  effect- 
ed by  means  of  the  nitric  acid,  they  feem  to 
revert  to  their  ancient  flate  of  vegetable  mat- 
ter, from  which  they  do  not  effentially  differ, 
as  has  already  been  faid,  but  by  the  prefence 
of  azot,  their  proportion  of  carbon  and  hy- 
drogen not  being  the  fame,  and  greater  com- 
plication in  the  number  of  principles,  from  a 
combination  of  which  they  are  formed. 
Thus  inftead  of  being  ternary  compounds,  as 
vegetable  fubflances  are,  animal  matters  are 
quaternary  compounds,  and  even  ft  ill  more 
complicated.  Azot  is  the  fourth  primitive 
principle,  which  is  fuperadded  to  hydrogen, 
carbon,  and  oxygen. 

XIII.  Accordingly,  the  converfion  of 
vegetable  into  animal  matter,  which  confifls 
only  in  the  fixation  or  addition  of  azot,  muff 
be  confidered  as  the  principal  phenomenon 
of  animalization  : this  alone  explains  it’s 
chief  myfteries ; and  when  once  we  are  per- 
fectly acquainted  with  the  mechanifm  of 
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this  addition  of  azot,  moft  of  the  functions 
of  the  animal  economy,  which  effect  it,  or 
depend  on  it,  will  become  equally  known. 


XIX.  What  we  already  know  of  the 
fubjedt  is  confined  to  the  following  confide- 
rations.  The  phenomenon  is  not  fo  much 
owing  to  the  fixation  of  a new  quantity  of 
azot,  as  to  the  fubtra&ion  of  other  prin- 
ciples, which  increafe  it’s  proportion.  In 
refpiration  the  blood  exhales  a large  quantity 
of  hydrogen,  and  of  carbon,  either  limply 
difiolved  in  hydrogen  gas,  or  converted  into 
the  date  of  carbonic  acid  by  the  very  adt  of 
circulation,  and  in  the  vafcular  fyftem,  ac- 
cording to  fome  modern  philofophers.  In  the 
cavities  of  the  bronchia,  during  the  adt  of  ref- 
piration, and  by  the  in  ft  ru  mentality  of  this  adt, 
the  hydrogen  forms  water,  which  exhales  in 
expiration.  A portion  of  oxygen  appears  at  the 
fame  time  to  become  fixed  in  the  pulmonary 
blood,  and,  circulating  with  this  fluid  through 
the  veflels,  gradually  combines  with  the 
carbon,  fo  as  to  form  that  carbonic  acid, 
which  is  extricated  from  the  venous  blood  in 
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the  lungs.  It  is  eafy  to  conceive,  that,  by 
thus  difengaging  a large  quantity  of  hydro- 
gen  and  carbon,  refpiration  muft  neceffarily 
augment  the  proportion  of  azot.  The  ftudy 
of  the  mechanifm  of  the  other  functions, 
which  remains  to  be  purfued,  will  undoubt- 
edly  lead  to  new  diicoveries,  ftill  more  im- 
portant than  the  preceding  : what  has  been 
performed  within  a few  years  naturally 
prompts  us  to  imagine,  that  ftill  more  will 
be  done.  The  analogy  of  adtion  which  has 
been  difcovered  between  digeftion,  refpira- 
tion, circulation,  and  infenfible  perfpiration, 
has  begun  to  eftablifh  on  new  views,  more 
folid  than  were  heretofore  poflefted,  a fyftem 
of  animal  phyftcs,  which  promifes  an  abun- 
dant harveft  of  difcoveries  and  improve- 
ments. Unqueftionably  it  will  be  in  pur- 
fuing  the  phenomena  of  digeftion  and 
growth  in  young  animals,  that  an  edifice 
equally  novel  and  folid  will  be  eredted  on 
thefe  foundations*  Every  thing  is  ready  for 
this  grand  work  j feveral  philofophers  pur- 
fue  this  unbeaten  path  of  experience ; frefh 
ardour,  fpringing  from  thefe  new  concep- 
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tions,  animates  thofe  who  are  engaged  in 
this  branch  of  phyiics  and  the  track  they 
have  juft  begun  to  explore  appears  fuch  as 
muft  lead  them  to  more  precife  and  accurate 
refults,  than  any  that  have  hitherto  been  ad- 
vanced on  the  functions  which  conftitute 
animal  life. 

Applications  of  the  Articles  in  this  Chapter . 

The  functions  of  the  animal  economy, 
particularly 
Refpiration ; 

Digeflion  ; 

Hematofis,  or  fanguification ; 

Infenlible  perfpiration  ; 

The  fecretion  of  the  bile  : 

Oftification  and  ofteogony  5 and 
Nutrition. 

♦ 

The  difeafes  dependent  on  the  degenera- 
tion of  the  humours,  &c. 

Animal  concretions. 

The  a&ion  of  various  medicines  on  the 
humours,  &c. 
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The  arts  employed  in  the  manufacturing 
of  animal  matters,  particularly  thofe  of 
the  tanner,  currier,  preparers  of  differ- 
ent kinds  of  glue  and  fize,  makers  of 
catgut,  thofe  who  extract  oils,  and 
thofe  who  work  on  horn,  bone,  tor- 
toifefhell,  &c. 
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CHAP.  XII. 

OF  THE  SPONTANEOUS  DESTRUCTION 
OF  VEGETABLE  AND  ANIMAL  SUB- 
STANCES. 

I.  WHEN  vegetables  and  animals  are 
deprived  of  life,  or  when  their  products  are 
removed  from  the  individuals  of  which  they 
made  a part,  movements  are  excited  in  them, 
which  deftroy  their  texture,  and  alter  their 
compofition.  Thefe  movements  conftitute 
the  different  kinds  of  fermentation.  The 
intention  of  nature  in  exciting  them  is  evi- 
dently, to  render  more  fimple  the  compounds 
formed  by  vegetation  and  animalization,  and 
to  caufe  them  to  enter  into  new  combinations 
of  different  kinds.  When  a portion  of  mat- 
ter has  been  employed  for  fome  time  in  the 
fabrication  of  an  animal  or  vegetable  body, 
it  muft  be  rendered  up  by  it  to  form  new 
compofitions,  as  foon  as  the  functions  of  the 
body  are  at  an  end. 
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II.  From  the  general  definition  of  fer- 
mentation it  would  feem,  that  there  ought 
to  be  as  many  peculiar  and  different  fermen- 
tations, as  there  are  vegetable  and  animal 
matters  to  be  changed  and  decompofed  : but  / 
feveral  of  them  purfuing  a fimilar  path  to  ar- 
rive at  a more  fimple  ftate  of  compoiition, 
the  number  of  fermentations  has  been  re- 
duced to  three,  the  vinous,  acetous,  and  pu- 
trid. 

III.  Vinous  fermentation,  as  it's  name 
imports,  is  that  which  produces  wine  or  al- 
cohol. The  faccharine  matter  is  the  only 
one  which  undergoes  this  fermentation,  when 
diluted  with  a certain  quantity  of  water,  and 
mingled  with  a third  fubftance  of  fome  kind, 
vegetable  or  animal,  as  extradt,  fait,  fecula, 
or  the  like;  for  it  is  now  fully  proved,  that 
fugar  and  water  alone  never  enter  into  vinous 
fermentation.  The  faccharine  matter  is  fo 
abundant  and  generally  diffufed  through  ve- 
getable and  even  animal  fubftances,  that  there 
are  a great  number  of  bodies  capable  of  af- 
fording wine,  or  yielding  alcohol.  All  fweet 
and  faccharine  fruits  reduced  to  a pulp,  and 
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more  efpecially  their  expreffed  juices,  under- 
go a movement,  when  they  are  at  a tempera- 
ture of  6 2°  or  upwards,  if  they  be  in  a large 
body,  and  particularly  when  neither  too 
thick  nor  too  thin.  Hence  the  great  num- 
ber of  different  wines,  comprehending  the 
deceptions  of  grain  malted,  and  by  this  pro- 
cefs  converted  in  part  into  facchirine  matter, 
and  even  the  vinous  liquors  made  with  milk, 
honey,  blood,  &c. 

IV.  Vinous  fermentation  announces  it- 
felf  in  faccharine  liquors  by  an  increafe  of 
volume,  the  formation  of  a copious  feum 
which  covers  their  furface,rife  of  temperature, 
the  difengagement  of  a confiderable  quantity 
of  carbonic  acid  gas,  and  the  converlion  of  a 
fweet  fluid  into  a iharp,  warm,  and  pungent 
liquor. 

V.  The  caufe  of  this  fermentation  appears 
to  be  owing  to  a decompofltion  of  water,  a 
great  part  of  the  oxygen  of  which,  attacking 
the  carbon  of  the  fugar,  burns  it,  and  con- 
verts it  into  carbonic  acid.  At  the  fame 
time  the  hydrogen  of  the  water  attacks  the 
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fugar  diverted  of  it’s  carbon,  and,  combining 
with  it,  gives  birth  to  alcohol.  Thus  al- 
cohol may  be  defined  to  be  fugar  minus  a 
certain  quantity  of  carbon,  and  plus  a certain 
portion  of  hydrogen.  This  theory  explains 
both  the  formation  of  the  carbonic  acid  evol- 
ved during  the  progrefs  of  vinous  fermenta- 
tion, and  that  of  the  alcohol,  as  well  as  all 
the  properties  of  this  new  production. 

t 

VI.  Pure  alcohol  is  a white  liquid,  of  a 
rtrong  fmell,  of  a hot  and  acrid  tafte ; rifing 
in  vapour  at  a temperature  of  i 500;  inflam- 
mable at  any  temperature ; affording  much 
water  and  carbonic  acid  in  burning;  yield- 
ing no  fmoke  in  comburtion  ; mifcible  with 
water  in  any  proportion,  and  expelling  it’s 
air  and  a part  of  it’s  caloric  while  combining 
with  it ; diflolving  pure  or  cauftic  alkalies ; 
decompofing  acids,  and  convertible  into  ether 
by  this  decoinpofition ; diflolving  deliquef- 
cent  neutral  falts,  and  feveral  metallic  ones  ; 
taking  from  vegetables  their  volatile  oil, 
aroma,  refin,  balfam,  part  of  their  gum -refin 
and  many  colouring  matters  : finally,  of  ul<? 
in  various  procefles  of  the  arts  in  conlequence 
of  thefe  feveral  properties. 

N 4 
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VII.  The  reader  may  have  already  re- 
marked, that  the  formation  of  alcohol  takes 
place  at  the  expence  of  the  deftrudtion  of  a 
vegetable  principle,  and  that  the  faccharine 
matter  undergoes  a decompohton,  which 
reduces  it  to  a more  fimple  term  j thus  vi- 
nous or  fpirituous  fermentation  is  a com- 
mencement of  the  deftru&ion  of  principles 
formed  by  vegetation ; and  thus  it  may  be 
regarded  as  one  of  the  movements  eftablifh- 
ed  by  nature,  to  fimplify  the  order  of  com- 
pofition,  which  vegetable  fubftances  exhibit. 

VIII.  The  acid  or  acetous  fermentation 
is  the  fecond  natural  movement,  which  con- 
tributes to  reduce  vegetable  compounds  to 
more  limple  ftates  of  compolition.  This 

fermentation,  which  produces  vinegar,  takes 

» 

place  only  in  liquors  that  have  previoufly 
undergone  the  vinous  fermentation.  It  has 
been  obferved,  that  the  contact  of  air  is  ne- 
celfary  to  the  production  of  vinegar : it  has 
even  been  perceived,  that  wine  in  turning 
four  abforbs  air  fo  that  a certain  portion  of 
the  oxygen  of  the  atmofphere  appears  to  be 
necelfary  to  the  formation  of  the  acetous  acid. 

IX.  Uri- 
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IX.  Unqueftionably  there  are  feveral  other 
fermentations  analogous  tc  that  which  forms 
vinegar,  though  their  products  are  not  yet 
well  known,  fuch  for  inftance  are  that  o£ 
water  mixed  with  ftarch,  called  ftarch- 
makers  four  water,  and  thofe  which  form 
four  bread,  four  kraut,  and  four  liquors.  All 
thefe  changes  are  to  be  confidered  as  means 
of  decompofition  for  Amplifying  the  complex 
combinations  of  vegetables* 

X.  Finally,  after  vegetable  liquors,  or 
their  folid  parts  moiftened,  have  pafied  to  the 
acid  jftate,  their  decompofition,  continuing 
under  favourable  circumftances,  namely  a 
gentle  or  warm  temperature,  expofure  to  air, 
and  the  contact  of  water,  leads  them  into 
putrefaction,  which  terminates  in  volatilizing 
moft  of  their  principles  under  the  form  of 
gas.  Water,  carbonic  acid,  carbonated  and 
even  fulphurated  hydrogen  gas,  volatile  oil 
in  vapour,  and  fometimes  even  azotic  gas 
and  ammoniac,  are  evolved ; and  after  this 
there  remains  nothing  but  a brown  or  black 
refiduum,  known  by  the  name  of  mould, 
formed  of  carbon  fomewhat  fat  and  oily, 

4 from 
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from  which  water  ftill  extracts  fome  falinc 
fubftances  and  a little  extractive  matter. 

XI.  Nature,  in  organizing  animals,  and 
**  forming  their  fluids  and  folids  by  complex 

compontions,  has  placed  in  them  a germ  of 
deft  ruCtion,  which  developes  itfelf  after  the 
death  of  the  individual. 

This  deftruCtion  is  effected  by  the  move- 
ment termed  putrefaction,  which  conftfts  in 
a kind  of  fermentation,  a flow  decompofition 
of  the  folid  or  fluid  fubftances.  Their  or- 
der of  compofttion,  being  more  complex 
than  that  of  vegetable  matters,  renders  them 
ftill  more  fufceptible  of  the  putrid  decom- 
pofition. 

XII.  Animal  fubftances  compofed  of  hy- 
drogen, carbon,  oxygen,  and  azof,  and  fre- 
quently  ftill  more  complicated  by  the  union 
or'  fulphur,  phofphorus,  &c.,  when  deprived 
of  that  movement,  and  more  particularly  of 
that  renovation,  which  conftitute  animal  life, 
are  foon  altered  by  more  Ample  attractions 
between  their  principles,  which  have  a 
tendency  to  unite  two  and  two  together. 

This 
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This  reaction  gives  birth  to  binary  com- 
pounds, fuch  as  the  carbonic  acid,  nitric 
acid,  ammoniac,  and  carbonated  hydrogen 
gas,  which  gradually  efcape  into  the  atmo- 
fphere,  proportionally  diminifhing  the  quan- 
tity of  animal  matter.  It  is  thus,  in  confe- 
quence  of  a natural  decompofition,  that  we 
perceive  this  animal  matter  foften,  change 
colour  and  fmell,  lofe  it’s  texture  and  form, 
and  diffufe  through  the  atmofphere  vapours 
and  gafes,  which  dilfolve  in  the  air  and  tranf- 
fer  to  other  bodies,  particularly  thofe  of  ve- 
getables, the  materials  neceffary  for  their  for- 
mation. 

XIII.  All  the  phenomena  of  the  putre- 
faction of  animal  fubftances  depend  on  the 
mechanifm  here  explained.  In  the  union  of 
hydrogen  and  azot  we  perceive  the  forma- 
tion of  ammoniac,  which  has  been  deemed 
the  principal  offspring  of  putrefaction.  The 
combination  of  carbon  with  oxygen  explains 
the  generation  and  evolution  of  carbonic 
acid,  in  which  all  the  myftery  of  putrefac- 
tion was  made  to  conlift,  about  the  time 
when  gafes  were  firft  difcovered.  Nitric 
acid,  to  the  production  of  which  it  is  well 

known 
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known  how  much  animal  fubflances  con- 
tribute in  artificial  nitre-pits,  arifes  from  the 
union  of  oxygen  with  azot.  A certain 
quantity  of  hydrogen  gas  is  extricated,  and 
carries  off  with  it  carbon,  fulphur,  and  even 
phofphorus : hence  the  various  noifome 
fmells,  and  perhaps  the  phofphorefcence,  of 
ail  putrefying  animal  matter. 

XIV.  When  all  thefe  volatile  principles 
have  united  two  and  two  together,  and  dif- 
fufed  themfelves  in  the  atmofphere,  nothing 
remains  but  a portion  of  carbon,  combined  or 
mingled  with  fixed  faiine  fubflances,  fuch  as 
the  phofphats  of  foda  and  of  lime.  Thefe 
refidua  form  a fort  of  mould  termed  animal 
earth , which  frequently  retains  a little  ful- 
pburated  and  carbonated  hydrogen  gas,  fat, 
and  extract,  and  in  this  vegetables  find  in 
abundance  the  principles  requifite  for  the 
formation  of  their  materials.  It  is  on  this 
account,  that  the  refiduum  of  animal  matter 
is  fo  proper  for  manure,  when  fufficiently 
conceded, 

* 

* XV.  A certain  portion  of  water  is  necef- 
fary  for  this  putrid  decompofition  of  animal 

fub- 
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fubffances : it  furnifhes  them  with  the 
quantity  of  oxygen  neceffary  to  the  compo- 
fition  of  carbonic  and  nitric  acids  j and 
it  contributes  highly  to  the  production  of  the 
putrefactive  movement,  by  the  attractions  of 
the  oxygen  it  introduces  to  them.  It  is 
equally  indubitable,  that  the  hydrogen 
arifing  from  the  decompofition  of  this  wa- 
ter contributes  greatly  to  the  formation  of 
ammoniac  : for  it  is  a well  known  faCt,  that, 
when  animal  matters  are  diluted  with  a large 
quantity  of  water,  they  furni£h  abundance 
of  ammoniac  in  their  decompofition. 

XVI.  Putrefaction,  coniifting  in  a feries 
of  particular  attractions,  is  modified  in  many 
different  ways  by  external  circumftances, 
fuch  as  temperature,  the  medium  the 
animal  fubftance  occupies,  the  date  of  the 
atmofphere,  whether  more  or  lefs  light  or 
heavy,  moiff  or  dry,  &c.  Thus  dead  bodies 
buried  in  the  earth,  immerfed  in  water,  or 
fiifpended  in  the  air,  are  differently  affected ; 
and  moreover  their  bulk,  their  quantity, 
their  propinquity; to  other  bodies,  and  all  the 

varying  properties  of  the  three  mediums 

• 
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above  enumerated,  diverfify  the  effc&s  pro- 
duced. 

«i  * 4k 
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XVII.  We  have  proofs  of  this  alfertion, 
In  what  happens  to  bodies  interred  lingly, 
and  thofe  which  are  buried  in  numbers 
heaped  on  one  another.  The  former,  fur- 
rounded  with  a large  quantity  of  earth,  are 
loon  deflroyed  by  putrefaction  ; the  aeriform 
or  liquid  products  of  which  are  abforbed  by 
this  earthy  mafs,  or  by  the  atmofphere. 
The  latter,  not  having  around  them  this 
kind  of  earthy  or  atmofpheric  recipient,  re- 
main a long  time  without  being  deftroyed ; 
and  the  animal  matter  is  wholly  converted 
into  ammoniac  and  concrete  oil,  which  are 
known  to  form  a foap  fimilar  to  that  which 
is  found  in  the  foil  of  burying-places  fur- 
charged  with  dead. 

XVIII.  The  phenomena  attending  th® 
deftruCtion  of  animal  fubftances  immerfed  in 

4T 

water  are  likewife  different.  As  new  products 
are  formed,  the  water  dilfolves  them,  and 
tranfmits  them  to  the  air.  Continual  moif- 
ture,  with  a conftant  temperature  feme  de- 
/ grees 
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grees  above  3 2°,  favours  the  putrefadlion  of 
thefe  fubflances,  and  their  diii'olution  into  a 
liate  of  gas.  On  the  contrary,  a hot  and 
dry  air,  volatilizing  the  water,  deficcates 
and  hardens  the  bodies  of  animals,  and  pre- 
fer ves  them  almoft  as  well  as  the  diy  and 
burning  fand  of  Egypt,  fo  abounding  in  na- 
tural mummies. 

XIX.  Though  all  the  circumftances  of 
putrefaction  ; and  the  almoft  innumerable 
varieties  of  the  phenomena  they  exhibit,  are 
not  yet  deferibed,  or  even  known,  we  have 
difeovered,  that  they  are  confined  to  the 
converfion  of  complex  fubflances  into  lu  fi- 
nances lefs  compound  ; that  nature  reflores 
to  new  combinations  the  materials,  which 
Hie  had  but  lent  as  it  were  to  vegetables  and 
animals and  that  fhe  thus  accomplif]*es 
the  perpetual  circle  of  compofitions  and  de- 
compofitions,  which  attefls  her  power,  and 
demonftrates  her  fecundity,  while  it  an- 
nounces equal  grandeur  and  fimplicity  in  the 
courfe  of  her  operations. 
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Applications  of  the  Propojitions  of  the  lajl 

Chapter . 

Befide  the  fubjeCts  mentioned  at  the  end 
of  the  two  preceding  chapters,  to  which 
the  articles  of  this  almofl  direCtly  apply,  we 
find,  in  the  feveral  faCts  here  enumerated, 
the  following  applications. 

The  prefervation  of  all  fubftances  extracted 
from  vegetables. 

The  feveral  fpontaneous  alterations  they 
undergo,  the  acetous  fermentation,  the 
vinous,  &c. 

The  products  of  thefe  alterations,  fre- 
quently employed  for  the  purpofes  of 
the  arts. 

The  production  of  ammoniac  and  nitric 
acid. 

/ 

The  influence  of  putrefaction  in  the  dif- 
ferent regions  of  living  bodies. 

The  contagion  and  maladies  produced  by 
the  effluvia  of  putrefied  fubflances. 

The  theory  of  the  fituation  and  manage- 
ment of  hofpitals,  drains,  finks,  lay- 
fialls,  cemeteries,  &c. 
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